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Summary 

A general chemical kinetics code for complex, homoge- 
neous ideal-gas reactions is described. The code, 
GCKP84, is designed for flexibility, convenience, and 
speed of computation in treating a variety of reaction 
:onditions. These conditions include (I) general reaction 
in a batch system or one-dimensional frictionless flow; 

(2) combustion in a well-stirred (highly backmixed) 
reactor; (3) reaction behind a shock wave; (4) ignition 
and combustion reactions in a batch or flowing system; 
and (5) nozzle expansion reactions. 

1 he new code replaces the GCKP code developed 
previously and has the following new capabilities and 
convenience features: 

(1) Heal transfer between any reacting system and its 
surroundings may be considered. 

(2) The well-stirred-reactor model is included. 

(3) A new implicit numerical integration technique is 
used for greatly increased speed in integrating “stiff** 
differentia! equations. Integration speed is increased by a 
factor of 10 to 20, compared to GCKP, while main- 
taining the same accuracy. 

(4) The ability to use several additional types of 
reaction processes, including photochemical reactions, 
has been added. 

(5) Input for combustion, problems is simplified. 

(6) Rocket performance parameters may be computed 
tor any How expansion problem. 

(7) A well-stirred reactor followed by a normal flow 
reaction may be computed as a single case. 

This report describes the theoretical equations for all 
problems and the numerical procedures used in their 
solutions. The code is described in detail, including 
preparation of input data, control of accuracy, sample 
input data, and examples of test case results. 


Introduction 

This rcporc describes a new general chemical kinetics 
computer code that replaces the GCKP chemical kinetics 
progi ■> ' developed by Bittker and Scullin and described 
m ref : cnce 1 . The new program provides several added 
capafcdnies including consideiabon of heat transfer 
effect It aho incorporates a greatly improved numerical 


integration technique that uses the latest algorithms for 
implicit integration of “stiff“ inferential equation 
systems. 

The original GCKP computes the progress of a general 
complex, homogeneous, gas-phase reacting system. The 
system is assumed to be adiabatic and the reaction may be 
batch or in one-dimensional frictionless flow. Shock -tube 
kinetics and equilibrium combustion models are also 
included in the code. Any chemical system may be used if 
thermodynamic data for the species and the chemical 
reaction mechanism (including rate constants) are 
known. 

The new' code, GCKP84, has three major improve- 
ments: (1) the ability to consider nonadiabatic systems by 
including heat transfer terms in the fundamental 
equations, (2) a mathematical model of a well-stirred 
(highly backmixed) combustion reaction, and (3) a state- 
of-the-art implicit predictor-corrector numerical 
integration procedure (ref. 2) for systems of “stiff** 
differential equations, which replaces the original 
implicit technique described in reference 1. The 
integration procedure uses an algorithm that selects the 
largest possible step size consistent with accuracy 
requirements. In addition, several new convenience 
features have been added, including (1) the ability to use 
several additional types of chemical processes, including 
photochemical and activated species reactions; (2) 
simplified input for combustion problems; (3) the 
computation of rocket performance parameters; and (4) 
the ability to compute a combined well-stirred reaction 
followed by further flow reaction of the products in a 
single case. 

This report describes the new chemical kinetics 
computer code in detail and derives all of the theoretical 
equations (differential and algebraic) solved. The code 
can be used for the following homogeneous gas-phase 
reaction problems; 

(1) Chemical reaction in any batch system 

(2) Chemical reaction in one-dimensional (no 
backmixing) flow with optional rocket performance 
parameter computation. (Either an assigned area or a 
pressure profile may be specified.) 

(3) Well-stirred-reactor (highly backmixed) 
combustion 

(4) Chemical reaction in one-dimensional flow behind 
a shock wave with boundary layer corrections 
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(5) Constant -pressure equilibrium reaction for batch 
or one-dimensional How systems 

(6) Well-stirred-reactor combustion followed by 
continued reaction of the products in one-dimensional 
flow 

!n all problems the system may be adiabatic or 
nonadiabatic. Moreover batch reactions may be either at 
constant volume or with an assigned-pressure profile. 

Readers interested primarily in using this code should 
read the section General Description of Program Use for 
a description of all of the available option.. A detailed 
users manual, computed test case results, and other 
useful user information arc given in appendixes. The 
code is written in Fortran IV and was developed on the 
IBM 370. It can easily be adapted for many other 
systems. 

Further information on the code can be obtained from 
the authors. (Contact COSMIC. The University of 
Georgia. Athens, Ga. 30602, concerning the availability 
of this program.) 


Symbols 

General 


A 

flow cross-sectional area 


thermodynamic coefficients in eqs. (98) 
to (101) 

A 

species pr.-ducion function, defined by 
eq. (47). se • - 1 

A* 

A V 

B 

enthalpy production function, defined 
by eq. (48), sec - 1 

B* 

B/V 

b 

internal combustion engine cylinder 
dirmeter (bore) used in eq. (32), length 
units 

CcQ.Q.Cj 

coefficients in eq. (77) for assigned 
variable 

f P 

heat capacity of gas mixture at constant 
composition, defined by eq. (46), 
energy/(mass-deg) 

D 

diameter of cylindrical tube cross section 
(eq. (30)), length units 

D,D t . 

enthalpy loss functions, defined by eqs. 
(49) and (59), sec-' 

d; 

Q/V 


/ 

f'o 

X 

h 

h T 

Lm 

L w 

I 

Is 

M 

M w 

OR 

on, 

m 

m 

N 

NS 

n 

O/F 
(O/F) s 

P 

Q 

Q 


internal combustion engine speed used in 
eq. (32a), rpm 

fuel-oxidant mass ratio of unburned 
combustible mixture 
heat transfer coefficient (eqs. (26) and 
(30)), heat units/(length 2 -sec-deg) 
static enthalpy of gas mixture per unit 
mass, energy/mass 

total enthalpy per unit mass of flowing 
mixture (eq. (54)), energy/mass 
characteristic shock : tube reaction length 
for boundary layer correction of eq. 
(97), length units 

perimeter of flow cross section used in 
eq. (26), length units 
total number of chemical reactions 
internal combustion engine cylinder 
length (stroke) used in eq. (32), length 
units 

general collisionai third-body species 
mixture molecular weight, g/mole 
mixture Mach number, defined by eq. 
(60) 

shock Mach number 
total mixture mass for batch reaction, 
mass units 

mixture mass flow rate, mass/sec 
number of reacting species in mixture, 
not including inerts 
total number of species in reacting 
mixture, including inerts 
number of iteration steps 
oxidant-fuel mole ratio 
stoichiometric oxidant-fuel mole ratio 
of unburned combustible mixture 
static pressure, force/area or atm 
positive heat loss rate from reacting 
system, heat units/sec (eqs. (38) and 
(76)) or heat units/(length-sec) (eq. (55)) 
independent variable, either / or x 
(eq. (77)); heat absorbed per unit mass 
(eqs. (35) and (37)) 



R 

s 


7 > 

T w 

To 

t 

u 


Vs 


* H 


X 

Z 

7 

7 


P 

r 


n 


universal gas constant, energy/(mob-K) 
entropy per unit mass of mixture, 
defined by eq. (102), energy /(mass-dc^ 
gas mixture temperature, K or *R 
film temperature for heat transfer 
computations, K 
wall temperature, K 
reference temperature for enthalpy 
computations, K 
time, sec 

total internal energy per unit mass of 
mixture, energy/mass 
linear flow velocity, length/time 
assigned variable (eq. (77)), either 
pressure or area 

shock velocity (eqs. (78) to (80)), 
length/time 

volume of well-stirred reactor, volume 
units 

total energy exchange rate, defined by 
eq. (103) 

distance, length units 
density, o, if q-t ; or mass flux, pV t if 
q = x 

specific heat ratio, defined by eq. (45) 
exponent in shock-tube boundary layer 
correction of eq. (97) 
thermal conductivity of gas mixture, 
heat units/(deg-length-sec) 
gas mixture viscosity, g/(cm-sec) 
gas mixture density, mass/volume 
average residence time in a well-stirred 
reactor, defined by eq. (74), sec 
equivalence ratio of unburned com- 
bustible mixture, defined by eq. (14) 
internal combustion engine cranking 
velocity used in eq. (32), rad/sec 


Subscripted Thermochemical Symbols 

In general, subscript i refers to a species and j to a 
chemical reaction. In the appendixes other subscripts 
may sometimes be used to avoid confusion, but their 
, meaning should be clear. 


Aj preexponential factor in reaction rate- 

constant equations (eqs. (3) and (4)), 
cgs units for all code input unit options 
(C p ) ( molar heat capacity of species i, 

energy/(mole-deg) 

cj constant in exponential factor of special 

rate-constant equation (eq. (4)), K-* 

Ej activation energy in standard rate- 

constant equation (eq. (3)), cal/mole 
for all code input unit options 
Fj equilibration factor for reaction j, 

defined by eq. (13) 

Gj Gibbs free energy of species i, energy/ 

mole 

//, static enthalpy of species i, energy/mole 

Kj forward-direction equilibrium constant 

for reaction j, cgs units 

kj forward-direction reaction rate constant 

for reaction j, cgs units 

k _ 7 reverse-direction reaction rate constant 

for reaction j (cq. (5)), cgs units 
Mj third-body collisional efficiency factor of 

reaction j, defined by eq. (A14) 
rrtjj relative collisional efficiency of species i 

in reaction j, defined by eq. (A 15) 
rtj temperature exponent in rate-constant 

equations (eqs. (3) and (4)) 

Rj forward-direction rate of reaction j, 

moles/(volume-sec) 

R _ j reverse-direction rate of reaction j, 

moIes/(volume-sec) 

(/? nct ) y Rj-R-j , moies/( volume-sec) 

S, molar entropy of species i, 

energy/(mole-deg) 

Si,S2,...,Sn symbols for species names in general 
reaction (eq. (2)) and in eqs. (Al). 
(All), and (A23) 

W t net production rate of species i, 

moles/(volume-sec) 

Xhj net energy conversion rate of reaction j, 

defined by eq. (9), (energv-voluine)/ 
(mass^sec) 
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Xj net reaction conversion rate of reaction j, 

defined by equation (7), 
(mole-volume)/(mass2-sec) 

•’ij.vi'j forward* and reverse-direction 

stoichiometric coefficients for species i 
in reaction j (eq. (2) and appendix A) 
o , i concentration of species i, moles/mass 

of mixture 

<*>ij net rate of production of species i in 

reaction j, moles/(volume-sec) 



Equation (1) for can be rewritten 
/ / 

^i~ E w ij = X (^ij — R-j) (6) 

>-l 7-1 

where Rj and R _ y - are the forward and reverse molar rates 
of reaction j as given by the law of mass action. We shall 
now define a net reaction conversion rate Xj for each 
reaction as 


Chemical and Fluid Dynamic Equations 

Species Production Rates and Chemical 
Reaction Equations 

Species production rates . — The total molar species 
formation rate per unit volume for species i in any 
reactive system is computed from 

E "ij 0) 

7-1 

where / is the number of reactions occurring and u>jj is the 
rate of formation of species i by reaction j in moles per 
unit volume per second. The jth chemical reaction is 
written in the general form 

NS k, ns 

>*> it .,'* 1 

Because NS is the total number of species, reacting plus 
inert, this form includes third-body collisional reactions. 
Here S, represents species i and vjj and are the forward 
and reverse stoichiometric coefficients of S,* in reaction j. 
The kj and k~j are the forward and reverse rate constants 
for the reaction. Each kj is a function of temperature 
usually given by the modified Arrhenius expression 

kj = AjT n ie ~ E i /RT (3) 


The temperature dependence for some rate constants is 
given in the form 

kj = A jT n if> T (4) 

The GCKP84 code allows either type of expression to 
be used. Most reactions are considered to be reversible 
and the reverse-direction rate constant Ar _y is calculated 
from kj and the equilibrium constant Kj (in concentration 
units) by the law of microscopic reversibility: 




( 7 ) 


Then the net formation rate for any species fV, can be 
written 


i 

Wi=P 2 E 0'ij-*’ij)*7 (8) 

y- 1 

For convenience in the computation and for ease of • 
comparison of net reaction rates, Xj is used instead of ' 
Rj - R _ j since Xj values are of larger magnitude than the 
net molar rates. In problems where heat release is an ' 
important consideration, we have previously defined the ) 
net energy conversion rate (ref. 1) for reaction j as \ 


XhJ~X/.^H 298> y (9) 


Here (A// 29 g)^ is the molar heat of reaction at 298 K for ; 
reaction j in the forward direction. The temperature 1 
298 K is the standard reference temperature used for most 
thermodynamic computations. General formulas for Xj 
and its derivatives are given in appendix A. 

Equilibration factor . — For any chemical reaction it 
is often important to know how far it is from its 
equilibrium condition at any time. We can derive a simple ’ 
equilibration factor to determine this from the net rate 
expression for reaction j: 

(*net )r R j~ R -j 00) 

The factor (/? net ) y will be positive or negative depending . 
on the magnitudes of Rj and R _ y . If Rj is greater than ' 
R -j t we divide by Rj to get 


(^net)y _ R -j 

Rj Rj 


do •; 
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(VII) 


II the reaction is far from equilibrium, Rj is much larger 
than R y and the right side of equation (1 1) is a positive 
number very close to I. If the reaction is near 
equilibrium, RjSR _ y and the right side of equation (11) 
is a positive number dose to 0. Therefore the ratio 
(^net)/^> varies between 0 and 1 for the extreme 
situations of equilibrium (Rj = R.j) and irreversibility 
(R.j = 0). Likewise, if /?_ y is greater than Rj, we divide 
by R _j to get 


(flnet), = R L 

R.j ~ R. 


and the ratio (R net ),/R _ y varies between 0 and - 1 for the 
extreme conditions of equilibrium ( Rj = R.j ) and 
irreversibility (/? y = 0). The two ratios on the left sides of 
equations (11) and (12) can be combined into a single 
equilibration factor Fj as 


f j = 


(^nct) y 

{Rpos), 


03) 


where (/?pos), is the larger of Rj and R and 0 s 5 1. 
The equilibration factor is very useful in determining the 
effect of a single reaction on the entire complex process. 

Types of Chemical Reactions 

The GCKP84 code allows the consideration of many 
different types of chemical reaction. In addition, any 
reaction may be made either reversible or irreversible, at 
the user’s option. Any reaction of the general type 


VlSj + *'2*^2 — + M4S4 


may be used. The stoichiometric coefficients »>, may be 
any single-digit positive integer or a two- or three-digit 
decimal with one decimal place, if desired. Either species 
S| or S 4 or both may be omitted or replaced by the 
general third-body collision partner A/. The following 
types of reaction may therefore be considered: 


aA + bB-dD + eE (I) 

bB-dD + eE (II) 

aA + bB—dD (III) 

bBzidD (IV) 

M + bBzidD + eE + M (V) 

M + bB—dD + M (VI) 


M + jA + bB — dD + M 

Therefore any collisional process, including spontaneous 
activation and deactivation of excited species, may be 
considered. In addition, photochemical reactions of the 
type 

hv + bB^dD + eE (VIII) 

may also be used. This reaction is an irreversible 
decomposition. 

Input for Hydrocarbon Combustion Problems 

In the original general chemical kinetics code, gas 
composition was required to be in either mole or mass 
fractions in the input da i. The new program allows gas 
composition to be gi^ i initially as either equivalence 
ratio v? or mass fuel-o.*: mi ratio f/o for combustion in 
an oxidant contain ^ <ygen, nitrogen, argon, and 
carbon dioxide in :.iy ;>r >ortion. A “standard air” 
oxidant has been bun • .he program. The user may 
change this, however, in me input data. The standard dry 
aii composition used is given in table I. The molecular 
weight of this standard air is 28.9644. 

To obtain the relations between species mole fractions 
and *>, we start with the stoichiometric reaction for the 
oxidation of the general fuel C m H n O p : 

C m H n O p + ^ — ) 2 + mCOi (IX) 

This stoichiometry is valid for any fuel having 
(4m + n) >2p . 

Next, we let at, be the mole fraction of species i and use 
subscript /for the fuel. The equivalence ratio is defined 
as 


r _ (Q/n s 

* O/F 


(14) 


where O/F is the actual molar oxidant-fuel ratio of the 
mixture and (O/F) s is the stoichiometric value. 


TA8LE I. - STANDARD DRY AIR 
COMPOSITION 


[Molecular weight, 28.9644.] 


Species 

Hole 

fraction 

Mass 

fraction 

n 2 

0.78088 

0.75524 

°2 

.20950 

.23145 

Ar 

.00932 

.01285 

C0 2 

.00030 

.00046 
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I rrm reaction (IX) we can immediately write 




(15) 


O / = 


V(), 

Vo, 


(16) 


where >•<>, is the mole fraction of oxygen in the oxidant 
and is 0.2095 for the ‘Standard air.” 

Substituting equations (15) and (16) into (14) and 
rearranging give 


.Vo, 4m + n-2p 

We now use the following relations: 


A Y + v <>2 + - V N : + * v Ar + A CO : “1 (18) 

V\ : = r,.VQ : (19) 

V\r = ™0 : (20) 

A C () : = ryXQ : (21) 


where r j, r and 7*3 are, of course, known, to obtain from 
equation (17): 


4m + n - 2p 

4y + ( i + /*| + r 2 + r 3 )(4w + /i - 2p) 


( 22 ) 


Equations (17) and (19) to ( 22 ) allow the computation of 
all mole fractions from the value of v? and the given fuel 
and oxidant stoichiometry. 

To compute the gas composition from a specified fuel- 
oxidant mass ratio //o, we use the relations: 


0/F = 


M f 

M ox (/7o) 


and 


<C>/F),= 


4 m + n-2p 
4V( j : ~ 


(23) 


(24) 


When//o is specified, equations (23) and (24) are used to 
compute v? from its definition, and mole fractions are 
then computed from the equations just derived. 


6 


Heat Transfer 

In general the heat transfer rate between a reacting 
system and its surroundings is a function of the reacting 
gas and ambient temperatures, as well as How rate and 
geometry. It is most likely that exact heat exchange rates 
will nor be known when GCKP84 is used to model an 
experimental reacting system. Therefore the main 
usefulness of GCKP84 will be in determining the effect of 
various assumed heat exchange rates. We have used the 
idea of Pratt (ref. 3) and assumed that the most useful 
way of expressing the heat loss Is in the form of a 
polynomial function of the reaction temperature T. 
Therefore the standard option for specifying heat 
transfer rate Q for flow or batch reactions is to give 
values of coefficients a ih a |, and in the formula 


Q = ao + a\T + diTl 


(25) 


In this expression Q is expressed as heat units per second 
for a batch or well-stirred-reactor problem and heat units 
per length-second for a one-dimensional How problem. 
Note that Q can be made negative to simulate a heat 
source for an ignition problem. 

For one-dimensional flow Qcan be computed by using 
the heat transfer coefficient X and the ambient oi wall 
temperature T w from the expression 


Q = XL W (T-T W ) (26) 

where 

X heat transfer coefficient, heat units/(length--sec- 
deg) 

L w perimeter of flow cross section 


We shall derive a formula for Q in cylindrical tube flow 
and give a useful correlation for computing JC. This 
information is incorporated as an option for heat transfer 
computation in GCKP84. For a cylindrical tube 
A = tD 2 /4, so that 


L w ~ -kD = 2s / xA 

where A is the flow cross-sectional area, which is either 
assigned or computed at each step of the integration. 
Using this L w expression in equation (26) and dividing by 
m give 

Q 2 \TxAX(T- T w ) 

y = 7 sl (27) 

m rn 






l*or a flowing system *»C changes with conditions. There 
, V are inanv correlations that can be used to estimate .1C. 

One of the most useful for turbulent How is 


0.023 Re“ *Pr" J 


In tins formula Re and Or are the Reynolds and Prandtl 
numbers m\en bv 


In this formula Q is the cranking angular velocity in 
radians per second and is calculated from the engine 
speed /, in revolutions per minute, by 

a -i wb » 

The use of these formulas for an Otto-cycle computation 
is included as an option in the GCKP84 code. 


I»r . L 'r fl 


where /t is the mixture viscosity and k is its thermal 
conductivity. These two properties are evaluated at the 
“film” temperature 


Differential Equations for Batch Reaction 

The general differential equations for complex chemi- 
cal reactions will first be derived for a batch reaction. The 
gas mixture is assumed to be homogeneous and viscosity 
effects are neglected. All species and energy variables are 
written for unit mass of mixture. If o, is the number of 
moles of species i per unit mass at time /, the molar rate 
of change of species i in mass m of gas is 




The correlation of equation (28) is valid for tubes with a 
length-diameter ratio greater than 60, for Pr values from 
0.7 to KM) and Re values greater than 10 000. 

A modification of the correlation given in equation 
(28) can be used to compute Q/m for one special batch 
reaction application. This is the assigned-pressure, 
variable-volume reaction in the cylinder of an internal 
combustion or Otto-cycle engine. We assume the cylinder 
has diameter b (bore) and length l s (stroke) and that heat 
is lost only through the curved cylindrical surface. If we 
assume that the length of the cylinder varies with time 
from 0 to / s , it can be shown that 


Q = X tT-7 v ) 

m bp 


where W { is the molar formation rate per unit volume 
given by equation (1) and p is the gas mixture density. 
Differentiating for assumed constant mass gives the 
species differential equations for the N reacting species 


do, = W_, 
dt p 


/= 1,2 N 


To obtain the temperature differential equation, we start 
with the first law of thermodynamics for a unit mass of 
gas: 

du + pdv = dq (35) 



To compute X t we use the correlation of equation (28), 
with D replaced by b (ref. 2) 


= 0.023 Re 0 K Pr°- 4 


where 

u internal energy per unit mass 
v specific volume 
q heat absorbed per unit mass 

Using the relation 

h=u+pv 


The Prandtl number is computed in the same way as for a 
flowing system, but the Reynolds number is now given by 


between enthalpy and internal energy and replacing v by 
the reciprocal of density give 
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M- d S, d< , 

P 


(37) s*'( 4 f- A+D ) 


We differentiate with respect to time and replace q by 
- Q, where Q is the positive heat lost from mass m of 
gas. The resulting enthalpy differential equation is 


(44) 


We have used the following definitions to obtain the final 
forms shown: 


dh 1 dp 1 dQ _ Q 

dt p dt m dt ~ m 


(38) 


y— 


This equation can now be transformed into a temperature 
differential equation for two different situations. 

Variable-volume reaction .— For this situation the 
pressure-versus-time profile is assigned and the depen- 
dent variables are T, p, and the <r,’s. The following 
formulas, given in reference 1, are used here: the specific 
enthalpy is 


NS 

h= £ a iH, 

i- 1 


(39) 


where //,- is the molar enthalpy of species i given by 

H, = H^T Q )+\ T (C p )dT (40) 

* *0 


The mixture molecular weight is 
1 


M w = 


NS 

L; 

i= 1 


(41) 


aud the ideal equation of state is assumed: 

P RT 


P = 


Af„ 


(42) 


We combine equation (38) with the logarithmically 
differentiated form of equation (42) and with equations 
(34), (39), and (41) to give the temperature equation 


dt \ y p dt ) 


(43) 


Equation (43) can then be combined with the logarith- 
mically differentiated equation (42) to give the density 
equation 


R 

(45) 

Cp M w 


NS 


E «xc p ), 

i = / 

(46) 


(47) 


(48) 

M w Q (y- 1\ 
RTm\ 7 ) 

(49) 


where A can be described as a species production func- • 
tion and B is an enthalpy production function. The term 
D is an enthalpy loss function. All three have units of 
seconds- 1. The quantity c p is the specific heat of the > 
mixture at constant composition, and y is the specific \ 
heat ratio at constant composition. ’■ 

Equations (34), (43), and (44) are a system of N+2 ' 
equations in <r, (/ = 1, 2, .... N), T, and p. 

Constant-volume reaction .— For this situation the ' 
dependent variables in the differential equation system 
are the a/s and T, since p is a constant. The temperature : 
differential equation is obtained by combining equation 
(38) with equation (42), differentiated with constant 
density. Using the definitions of equations (39), (41), and 
(45) to (49) gives the temperature differential equation 


dT 


-7{(7-l)A-B-7D] 


(50) 


This equation is solved with the species equations (eqs. 
(34)) and p is determined from the ideal-gas law. 

Differential Equations for General One-Dimensional 
Flow Reactions 

These equations can be derived for two different situa- 
tions. Either we may assign an area profile for the flow 
and let the pressure profile be determined by the ideal-gas 
law, or we may assign a desired pressure profile and let 
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the area profile be determined by mass continuity. In 
either case we now have N+“. variables, the N species 
concentrations plus p, T, and velocity V. We assume, 
as before, a homogeneous, frictionless gas in one- 
dimensional flow with linear velocity V and constant 
mass flow rate m. Global mass continuity is then 
represented by the equation 


d , . dm . 


where A is the flow cross-sectional area at any point. The 
individual species continuity equations are now written as 


j { (o,m)=lV i AV 


Performing the indicated differentiation and using equa- 
tion (51) give the species equations (eqs. (34)) already 
obtained for batch reaction. We need only derive new 
differential equations for V, p, and T. These are obtained 
from the momentum and energy conservation equations 
(see, e.g., the book by Penner, ref. 3). 


dV 1 dp n 

9 dt V dt 


and, from the definition of total enthalpy. 


V2 

h+ y =h T 


Note that if Q is negative, heat flows into the reacting 
system. The dependence of Q on temperature, mass flow 
rate, and flow geometry has been discussed in a previous 
section. 

Assigned area profile. —For this situation we use the 
logarithmically differentiated form of the ideal-gas law 
(eq. (42)) to eliminate dp/dt from equation (53). Then, by 
using the definitions of h , A/*, 7 , A, and B along with 
equation (51), we obtain the following differential 
equations: 


dV V_ 

dt ~ 3R2- 


' / 1 dA . _ \ 

—\\a dT" A + D V 


dp r 3R2 / 1 dA . _ \ . _ I .... 

dt ^L 3112-1 \ A dt A + D 7 +A D «J (5 ) 

dT_ J b-YW f'dA p \ „ p l 
di~ l 3R2-1 \A dt A °7 “ Dw J 


In these equations the flow heat loss function D„ is 
defined by 


m w g/7-i\ 

v RT in \ 7 / 


and the Mach number 9H is defined by 


where Ar^is the total enthalpy of the flowing gas per unit 
mass. Equation (54) is differentiated with respect to time 
by using 


dh T _ dh T dx _ / Q \ 

dt dx dt \ m / 


where Q is now defined as the (positive) instantaneous 
heat loss rati per unit length of flow (heat units lost per 
unit length and time). The resulting enthalpy differential 
equation is 

(35) 

dt dt m 


Equations (34) and (56) to (58) constitute a system of 
N+3 equations in the N + 3 unknowns V, p, T, and the 

ff/’S. 

The reacting gas can also be described by equations 
that use distance x as the independent variable. The 
relationship dZ/dx r=(l/F) dZ/dt is used to rewrite 
equations (34) and (56) to (58), where Z represents any of 
the dependent variables V, p, T, or the a/’s. The distance 
equations are 


dai Wi 
dx ~ pV 

V 

dx DR 2 - 
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(64) 


where 


A' = A/V 

(65) 

B* = B/V 

(66) 

d; = D t ,/ v 

(67) 


Assigned pressure profiles .— For engine modeling it is 
often more useful to assign a flow pressure profile and 
compute the area profile that satisfies mass continuity 
after each numerical integration step. A new set of 
equations for the V, p, and T derivatives can be derived 
that use p and dp/dt instead of A and dA/dt. The 
momentum equation (eq. (53)) then becomes the velocity 
differential equation, and equation (51) is used to 
eliminate dA/dt and A. The resulting equations are 


dV 

1 dp 



di 

P V dt 


(68) 
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(70) 


The last two equations are the same as equations (44) and 
(43) for a batch reaction, except for the definition of the 
enthalpy loss function. If distance is the integration 
variable, the assigned pressure equations become 


Equations for Weil-Stirred Reactor 

We now consider the problem of highly backmixed 
reacting flow. The limiting case of zero-dimensional flow 
or instantaneous backmixing of the reacted gases with the 
cold unreacted mixture is assumed. This is the “well- 
stirred reactor,” for which the theoretical equations are 
given in references 4 and 5. Although this model is a great 
simplification of highly turbulent reacting flow, it is a 
very useful first-order approximation to some practical 
reacting-flow systems. 

A gas mixture with constant mass flow rate m enters a 
reactor of volume v and instantaneously mixes with the 
reacted mixture in a constant-pressure process. The 
resulting mixture reacts during an average residence time 


where p is the reacting gas density, and then exits at flow 
rate m. Because no mass accumulates in the reactor, we 
can write the following species continuity equation for 
each reacting species: 


"Flow rate of" 


"Flow rate of 


"Net rate of destruction 
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The right side of this equation is just the negative of the 
species formation rate H' in equation (8). Therefore we 
can write the set of conservation equations for each 
reacting species 

m 1 

-K-",)= - p 2 E (‘'u -•'a)*,- 

or 

/ 

P 1 L (% - »ij )Xj + J °i) =0 / - 1 ,2,3 N 

(75) 



where a, is the / ,h species concentration within and leaving 

(71) the reactor. Here the asterisk indicates the unreacted gas 
mixture and v is the reactor volume. The reactor 
temperature T is also unknown, so we need the energy 

(72) conservation equation 

NS n 

(73) (76) 

/ = ) m 
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and «h 2 m ,hC ! pos,t,vc) hea « lo« rate from the reactor 
and the summation is over the total number of species NS 

rrr; Equ , ations (75 > a "<* (76) constitute a 

variable, . non,mear al 8 ebra * equations in the 
variables < 7 , and T. They are solved by a 

Newton-Raphson iterative procedure using logarithmic 
increments in the variables to avoid numerical problems. 
Details of the derivation of the system of linear equations 
for the logarithmic variables and computation of the 
Jacobian for this system are given in appendix B. 

Numerical Integration Procedure 

GCKP84 uses a new implicit numerical integration 
procedure for sets of “stiff” differential equations 
developed by Zeleznik (ref. 2). This property of stiffness 
often arises in the differential equations of chemical 
kinetics because of widely varying rates of relaxation of 
the fluid dynamic and chemical processes toward the 
equilibrium conditions. This can cause an integration 
algorithm to take excessively small steps, out of 
proportion to the rate of change of the dependent 
variables. Reference 2 develops a generalized theory of 
implicit numerical integration that includes the methods 
of Gear and Nordsicck (refs. 6 and 7) as special cases. It 
also describes a practical computer code applying the 
theory to the solution of equations very similar to those 
presented in this report. This variable-order, predictor- 
corrector method selects the largest step size consistent 
with the gradients of the unknowns and with the accuracy 
requirements. See Appendix C for derivation of the 
partial derivatives needed in using this method. 

Comparison tests have shown the new integration 
method to be anywhere from 10 to 20 times faster than 
the method in the original GCKP while maintaining the 
same accuracy. The coding for the control and use of the 
integration routine uses the method of Hindmarsh as 
described in reference 7. 


r 1 r WcmS thC uscr must P r o v «de chemical 

reaction and rate-constant data and also initial values of 

the mixture composition and fluid variables. Nonzero 
initial time and position values may be given, if desired. 

therwise, these variables are initialized to zero. Heat 
transfer data for any problem may be given if the logical 
yanable HTRAN is set equal to TRUE. If coefficients for 
Q in equation (25) are not given, the variable QMREAD 
must be set to FALSE and a separate dataset containing 
viscosity and thermal conductivity data must be 
Th * s dataset, which will be provided with the 
ut_K.P84 code, contains coefficients for curve-fitted 
equations giving viscosity (in g/(cm-sec) x 10«) and 
thermal conductivity (in cal/(cm-scc-K) x 10«) as a 
function of temperature for 20 species. The code reads in 
these coefficients and uses them with the mixture rules of 
reference 2 to compute the heat transfer coefficient JC in 
either equation (27) or (30). If equation (27) is being used 
for a flow reaction, a value of the wall temperature T w 
must also be given. If equation (30) for a batch reaction 
Otto-cycle model is used, the variable OTTO must be set 
to TRUE and values of T w , engine speed (in revolutions 
per minute), and cylinder bore and stroke (in centimeters) 
must also be given. Note that the total mass must be given 
for a batch reaction if Q is read in by equation (25). 
However, the mass does not have to be given if the Otto- 

cycle option (eq. (30)) is used to compute the enthalpy 
loss. 

Figure 1 gives a flow diagram of the necessary input 
and all of the options available. The input data prepara- 
tion for all types of problem is described in detail in 
appendix D. Appendix E gives a discussion of some 
computational problems. In appendix F we list the 
complete input data for several test cases and also give 
selected results for these cases. 


Problem Types 


General Description of Program Use 

The GCKP84 code can compute the progress of many 
different types of batch and flow reactions, as already 
described. Computations can be performed for any 
homogeneous gas mixture containing up to 50 species 
that participate in a maximum of 150 chemical reactions. 

these reactions, no more than 35 may be of the 
catalytic third-body recombination-dissociation type. 
Any species may be used for which thermodynamic data 
are available in the form described below. This includes 
ionic and excited-state species. A maximum of 20 differ- 
ent species may be specified as third-body species. For 
these species, coilisional efficiency ratios different from 1 
may be specified for any third-body reaction. 


Batch reaction . — Batch reaction can be carried out 
either for constant volume or with an assigned pressure- 
versus-time profile. The method of specifying the profile 
is given in the next section. For a constant-volume case 
the variable RHOCON is set equal to TRUE. Initial 
values of T, p, and the a/s must be given. When an 
assigned pressure profile is given, only initial temperature 
and composition must be given. Either of these problems 
can be computed with temperature held constant by 
setting the logical variable TCON equal to TRUE. 
However, for an assigned pressure case only, the 
additional variable PCON must also be set equal to 
TRUE. This is to make the code skip the computation of 
dp/dt. If T and p are assigned, p is determined by the 
ideal-gas law, and the only variables in the differential 
equation system are the a/s. 
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Figure I.— Flow chan for inputs and options. 


One-dimensional flow reaction . — As previously 
described, one-dimensional flow reaction can be done 
with either an assigned area or an assigned pressure 
profile. The user has a choice of either time or distance as 
the integration variable. The choice is made by using the 
word TIME or DISTANCE in the appropriate line o r the 
input dataset. The assigned variable profile can be given 
as a function of time or distance independently of the 
choice of integration variable. The profile is given in 
either of the following ways: 

(1) A table of the assigned variable as a function of 
time or distance 

(2) Polynomial coefficients for the equation 


specified by setting C|, C 2 , and C 3 =Oand C 0 equal to the 
desired constant value. Note that these two methods also 
apply to specifying the pressure profile for an assigned- 
pressure batch reaction. A flow reaction may also be run 
at constant temperature by setting TCON equal to 
TRUE. 

The GCKP84 code permits the computation of several 
rocket performance parameters during a nozzle 
expansion process. For these computations the rocket 
combustion chamber pressure P c and nozzle throat area 
A, are specified as input. 

The following variables are then computed: 


I'asj — Co + C|<7 + + C 3 q3 


( 77 ) (1) Specific impulse: / sp = - 


where V ^ is either pressure or area and q represents 
either t or x. A constant area or pressure is easily 


(2) Vacuum specific impulse: 7 vac = / sp + 

m 
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(3) Area ratio: A r - — 

A, 

(4) Characteristic velocity: c * = 

m 


(5) Thrust coefficient: c f = — 

j c » 


In these equations g is a units conversion factor. The 
computation of the rocket performance parameters is 
triggered by setting the logical variable ROCKET equal 
to TRUE. Starting conditions must be obtained by 
performing equilibrium combustion and nozzle flow 
computations with a code such as the one described in 
reference 8. The assumption can be made that the 
equilibrium nozzle pressure profile is the same as the 
kinetically limited pressure profile. This assumption is 
needed to a point just downstream of the throat where 
the flow just becomes supersonic and the Mach number 
exceeds 1.0S. The validity of this approximation is quite 
good, except for very low chamber pressure (e.g., below 
414 kPa (60 psia)). The rate-limited computation is done 
in two steps. The first part is started with all equilibrium 
conditions at a convenient point in the subsonic flow 
upstream of the nozzle throat. The equilibrium pressure 
profile is assigned and the computation carried through 
the throat until the Mach number just exceeds 1.05. The 
conditions at the end of this computation are then used to 
start the second part of the computation, which assigns 
the desired area profile of the expanding nozzle. For 
higher chamber pressures one can speed up this proce- 
dure by doing only the supersonic flow computation. The 
starting conditions are all the equilibrium data at a Mach 
number just larger than 1.05. T.ie nozzle position where 
the kinetically limited fluid dynamic and composition 
data begin to differ significantly from the equilibrium 
results has to be determined for each particular situation. 

Weil-stirred reactor . — To solve the well-stirred-reactor 
(WSR) problem, the logical variable WELSTR must be 
set equal to TRUE. The code then solves the previously 
derived nonlinear algebraic equations by the method 
described in appendix B. The dependent variables are the 
N concentration values and either temperature or mass 
flow rate. The standard option is computing T as the 
(N + 1 )ih variable and assigning increments in m. The 
initial value of m is then given along with the desired m 
increment. If a temperature increment is to be assigned 
and m computed, the logical variable TASS is set equal to 
TRUE and the initial in and the temperature increment 
are given as input. For all WSR problems the unreacted- 
gas temperature and composition and the constant 
pressure for the reactions also must be specified. The 
code uses these data to compute the assigned-enthalpy 
and -pressure equilibrium reaction in order to obtain the 


initial estimates of the Newton-Raphson iterative solu- 
tion for the first increment of in or T. 

Shock-tube reaction .— The shock tube is one of the 
most frequently used instruments for generating a high- 
temperature environment for the study of rapid chemical 
reactions. The assumption is made that the shock wave 
instantaneously creates a high-temperature and high- 
pressure flowing system without changing the gas 
composition. Then the increased temperature and 
pressure behind the shock start a chemical reaction that 
can continue toward some new equilibrium conditions of 
temperature, pressure, and composition. The conserva- 
tion equations for the change in conditions across the 
shock are 



(78) 


(79) 

. tj . v 2 
/l|+ T =h+ T 

(80) 


In these equations the coordinate system is attached to 
the shock, which is considered to be stationary. The 
unshocked gas at conditions P\, p\, and 7j flows past the 
shock with the experimental shock velocity V s . Gas 
properties immediately after the shock passes are p, V, p, 
and T. The static enthalpy per gram of gas mixture is 
changed from A) to h by the shock. Since gas composition 
is unchanged, h is calculated for the initial composition at 
the new temperature T. These conditions are called the 
no-reaction or frozen shock conditions. 

It is also possible to solve equations (78) to (80) for the 
equilibrium postshock conditions of particle velocity, 
temperature, pressure, and composition. 

The preceding shock equations are solved by an 
iterative method for both frozen and equilibrium 
conditions. Estimates are made of the final temperature 
and pressure p/and Tf. Then a Newton-Raphson method 
is used to calculate corrections to these estimates and 
converge on the correct values. The shock equations are 
transformed and combined for this solution. First, 
equation (78) gives 




( 81 ) 


This equation is used in equations (79) and (80) to 
eliminate V and gives, after some rearrangement. 
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(83) 


Using the equation of state (eq. (42)) for no change in gas 
composition gives 




(84) 


where we have defined the new variables .3— T/Ti and 
P=p/p x . 

Equations (82) and (83) can now be written as func- 
tions of the pressure and temperature ratios across the 
shock: 




-h = 0 


(85) 

( 86 ) 


These equations are solved iteratively for the final ratios 
3/ and Pj across the shock. First estimates of 3 and P are 
obtained from the following equations: 


/> _ 2yM 2 s -y+l 
P ° - T~ l 


(87) 


3„ = 


V / 
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( 88 ) 


These are the exact solutions of equations (78) to (80) 
when heat capacity is assumed to be independent of 
temperature. Then the Newton-Raphson procedure is 
used to calculate corrections to In P and In 3, where it is 
assumed that 


ln *Vi =lnP„ + AlnP 
1° 3/i+, = In 3„ + Ain 3 


(89) 

(90) 


where n indicates the iteration step. Logarithmic 
difuTcntiation is used to obtain rapid convergence of the 
procedure. We define the quantities 
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Then equations (85) and (86) can be written as 
P(3,P) = P* ~p~Q 
G(3,P) = h‘ -h = 0 


(93) 

(94) 


Substituting equations (89) and (90) and using 
logarithmic differentiation give the following pair of 
hnear equations for the corrections A In />and A In 3 in 
the Newton-Raphson method: 


A,n3+ 
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(95) 

( 96 ) 


n these equations ,he subscri Pt n indicates evaluation of 

either Lie function or its derivative for the estimated 
va -cs P n and 3„. This method of solution is the one used 
by Gordon and McBride (ref. 8). This procedure is used 
for both the equilibrium and frozen-shock conditions. 
The only difference in method for the two situations is 
the way the enthalpy is computed for the shocked gas. 
For the frozen-shock conditions, h is calculated at the 
estimated temperature T for the original gas 
composition. For equilibrium conditions the shocked-gas 
enthalpy depends on T and also on the changing gas 
composition due to reaction. Therefore the estimated T 
and p are first used to perform an equilibrium chemical 
reaction computation. This gives the estimated final 
composition of the shocked gas. This composition and 
the estimated Tare then used to calculate the enthalpy h 
used in equation (94) to compute the function G(2,P) in 
the Newton-Raphson method. 

The GCKP84 code contains an option for easily 
computing the progress of chemical reactions behind a 

Tim iB W t Ve ‘ WhCn thc l08 ‘ cal variab,e SHOCK is made 
HUE, the input conditions are recognized as unshocked 

?fs conditions. The velocity J'is then the shock velocity 
r T „° nscrvatl0n equations are first solved to give the 
frozen now conditions behind the shock wave. These new 
conditions and the initial composition are used to com- 
pute the progress of the one-dimensional flow reaction 
occurring in the high-temperature region behind the 
shock. The final equilibrium reaction conditions are also 
computed. In these shock-tube reactions a special area 
profile function is used to take account of laminar and 
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/T 


urouicm boundary layer losses according to the th< 
Ntirds (refs. 0 to 11). The special area function is 
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(97) 


The exponent ij is given as input and is either 0.5 for 
laminar or 0.8 for a turbulent boundary layer. The 
characteristic length L m may either be given as input or 
computed by the code. In the latter case three other 
quantities are given instead of L m . These are the shock- 
tube hydraulic diameter D h , the unshocked gas viscosity 
n, and a boundary layer thickness parameter 0 , which can 
be computed from equations given in references 10 and 
11. The code computes L m by using equation (3) of 
reference II for a laminar boundary layer or equation (4) 
of reference 10 for a turbulent boundary layer. Note that 
the area profile is always given as a function of x for flow 
reaction behind a shock wave. However, either time or 
distance may still be selected as the integration variable. 
Also, equation (97) is used only for flow reactions behind 
a shock. 

Combustion equilibrium computations . —An option is 
provided for computing final equilibrium conditions for 
batch or flow reaction constant-pressure combustion. 
Enthalpy is also assumed to be constant for these compu- 
tations, which are triggered by setting the logical .variable 
COMBUS equal to TRUE. The method of Gordon and 
McBride (ref. 8) is used for these computations. 

Combined WSR plus plug flow problem .— The user 
may perform a combined well-stirred-reactor plus plug 
flow computation in a single computer run. The required 
input for the WSR reaction, including initial 
composition, pressure, and temperature is given. In 
addition, an assigned pressure or area profile for a 
normal flow reaction is given, and the logical variable 
WSFLOW is set equal to TRUE. The code then performs 
the WSR computation and uses the final values of 
composition, temperature, pressure, and mass flow rate 
as input to a subsequent normal flow reaction with the 
given area or pressure profile. When area is assigned, 
initial velocity for the flow reaction is computed from the 
known mass flow rate and density. When pressure is 
assigned, the initial velocity or Mach number for the flow 
reaction must be specified at input time. The code then 
computes an initial area consistent with the known mass 
flow rate. This combined process is sometimes used as a 
simplified model of part of a gas turbine combustion 
process. 

Additional Options 

Unit options . — A choice of three systems of units for 
input and outpui is provided. These are the cgs, U.S. 
customary, and SI systems. The choices for input and 


output are completely independent of each other. The 
exact units used for each system are given later in the 
Input and Output sections. 

Third-body efficiencies . — The code allows the rate 
constant for any third-body recombination-dissociation 
reaction to be adjusted for the efficiencies of different 
collision catalysts. The user may read in values of the 
weighting factor m V) described in equation (A 14) of 
appendix A for any third-body reaction if the logical 
variable ALLM1 is set equal to FALSE. If no weighting 
factors are changed at input time, they are all set equal to 
1 .0 by the code. 

Multiple cases.— Several different cases may be 
executed in one computer run without reading in a 
complete new dataset each time. This is accomplished by 
using an ACTION line in the data for each case after the 
first. The four options that may be used on the ACTION 
line are described in appendix D. 

Standard options . — The code has a built-in standard 
choice for each of the options discussed. None of the 
given logical variables or code words (to be described 
later) need be given in the data unless a nonstandard 
option is desired. The standard values of all input codes 
are listed in appendix D. 


Thermodynamic Data and Species Names 

All species names and the thermodynamic data format 
for GCKP84 are identical to those used in the chemical 
equilibrium composition code of Gordon and McBride 
(ref. 8). Thermodynamic functions are computed by 
using polynomial equations for (C p ) ( , H h S ( , and G, as a 
function of temperature. The polynomial coefficients are 
computed by using the thermodynamic properties code of 
McBride and Gordon (ref. 12). The data calculated from 
these equations agree with those tabulated in the JANAF 
thermochemical tables (refs. 13 to 17). Seven coefficients 
are used for each species in the following equations, 
where T is the Kelvin temperature* 
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The form in which these data are read by GCKP84 is 
discussed in appendix D. 

To use any species, the user must permanently compile 
its name and molecular weight into the code. This is 
accomplished by placing them in a BLOCK DATA data- 
set that also contains other necessary alphanumeric data 
and logical tape assignment numbers. All names are listed 
in the array ALSP exactly as they are written on the first 
record of the thermodynamic data grouping for each 
species. Corresponding molecular weights are listed in the 
array ALMW in exactly the same order as the names. The 
name array has room now for 100 eight-character names, 
and this dimension can easily be increased. However, a 
new name may be substituted for one that is not being 
used if computer core storage is a critical factor. 

A name for each species must also be listed in 
subroutine 1NIT, which reads in the starting composition 
and fluid dynamic data. In this subroutine the names are 
actually Fortran variables that represent the initial 
concentration of the given species, to simplify prepara- 
tion of input data. The names, in the same order as in 
BLOCK DATA, are placed in a COMMON block called 
FAKE and in NAMELIST START. Usually the species 
name in INIT may be the same as it is in BLOCK DATA. 
However, for excited-state and ionic species the variable 
name cannot contain special characters such as + , - , or 
*. Thus letters must be used in place of these symbols. 
For example, P may be used for + , A for \ etc. Any 
desired name actually may be used for any species in 
INIT. The order of the variables identifies the initial 
concentration of any species. For example, suppose that 
the E3 excited oxygen molecule, 0 2 \ were listed as the 
twelfth species in BLOCK DATA under the name 02*. 
Then the twelfth species name in COMMON block 
C AKE and NAMELIST START could be 02A, and an 
initial concentration of 0 2 * would be listed in the data as 
02A = n in NAMELIST START. Here n is either the 
n ass or mole fraction of the species. Table II gives 
examples of the names that may be used for different 
ty k xes of species. In listing the species vatiable names in 
subroutine INIT, any name beginning with I, J, K, L, M, 
or N must be declared a REAL variable. This applies to 
the name NOP in table II. Note that the BLOCK DATA 
name given to any species must be identical to the name 
given the species in the dataset for the thermodynamic 
data described in appendix D. 

Accuracy Control 

Th? accuracy of any computation is controlled primar- 
ily by the relative error parameter EMAX and, to a much 
smaller extent, by the initial step size HINT. The 
integration procedure is designed to increase the step size 
at any time to the highest value consistent with EMAX, 
the main accuracy control The recommended values of 
this parameter range from 1 x 10 ~ - 1 for a slow reaction to 


TABLE II. - SPECIES NAMES 


Species 

BLOCK DATA 
name 

Name in COMMON 
block FAKE 
and NAMELIST 
START 

h 2 o 

H20 

H20 

B 2 °3 

8203 

8203 

NO* 

N0+ 

NOP 

0* 

0* 

OP 

0* 

0- 

0M 

°e 

02 

02 

°2 

02- 

Q2M 

0*2 

02* 

02A 


I x 10-6 f or a very rapid process such as a combustion 
ignition. For any problem the user may choose the 
EMAX that gives the best compromise between speed of 
computation and the accuracy desired. If no values of the 
two error parameters are given, the code sets EMAX to 
1x10-6 and HINT to I x 10-6 cm or 5x10-® sec. 
The sensitivity of computed results to variation in EMAX 
for a relatively rapid hydrogen-air ignition is shown in 
table III. These results show that the species 
concentrations are, in general, more sensitive to the 
EMAX value than are the fluid dynamic variables. As 
might be expected, the trace concentrations, such as that 
for NO, are most sensitive to accuracy changes. The user 
can adjust EMAX over a wide range to give the desired 
combination of accuracy and computation speed. The 5 
data in table III show that, for this case, computing speed 
can be increased dramatically while keeping good ’ 
accuracy by raising EMAX from 1 x 10-7 to 1 x 10-5. 
No general quantitative correlation between accuracy and [ 
running time can be given. For any particular problem, 
test computations will have to be run to obtain the best 
EMAX value for the accuracy desired. 

Input 

In this section we give a general description of the data 
required to compute the progress of a general flow, 
batch, or well-stirred reaction. The exact format of each 
line (or card) in the dataset is given in appendix D. 

Chemical reactions and species .— Each chemical 
reaction is listed on a separate line that has fields for two 
reactant names, two products, and the three rate- 
constant parameters Aj, n j% and either Ej or c y (eqs. (3) 
and (4)). The line also has fields for indicating a 
reversible or irreversible reaction and for indicating the 
special rate-constant equation (eq. (4)). The reactions ' 
may be put in any order, regardless of type. A maximum * 
of 150 reactions is now permitted, of which no more than 1 
35 may be third-body collision reactions. The code checks 
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table III. - EFFECT OF RELATIVE ERROR PARAMETER EMAX 
OH HYOROGEN-AIR IGNITION COMPUTATION 
[Assigned distance. 6.096 cm; initial step sUe, lxl p-6 rm; distance 
Tlrameter I EMAX value 


Computation 
time, sec 

Reaction time, 
Msec 

Pressure, 
p, atm 

Linear flow 
velocity, V, 
cm/sec 

Gas mixture 
density, P , 

g/cm 3 

Absolute 
temperature, 
T, K 

Molecular 

weight 

Mole 

fractions: 

H 


l.OxlO" 3 

l.OxlO" 4 

1.0x10'® 

1.0x10'® 

2.71 

3.19 

3.51 

5.45 

13.475 

13.540 

13.491 

13.537 

1.3642 

1.3554 

1.3418 

1.3273 

445120 

445235 

445428 

445636 

1.59042x10"^ 

1.59000xl0~ 4 

1.58931xl0" 4 

1.58857xl0" 4 

2285.8 

2269.0 

2243.6 

2216.5 

21.8669 

21.8417 

21.8054 

21.7672 

7.6534xl0" 2 

7.7961xl0" 2 

7.9906xl0" 2 

8.1992xl0" 2 

3.0705xl0" 2 

3.0946xl0" 2 

3.1325xlO" 2 

3.1727xlO" 2 

3.4395xlO" 2 

3.4005xl0" 2 

3.3463xl0" 2 

3.2857xl0~ 2 

2.6547xlO' 2 

2.6812xl0" 2 

2.7209xl0' 2 

2.7616xl0" 2 

6.6925xl0" 2 

6.6762xl0" 2 

6.6673xl0' 2 

6.6536xl0" 2 

0.18497 

0.18426 

0.18314 

0.18200 

1.7560x10"® 

1.7731x10"® 

1.7862x10"® 

1.8182x10"® 

4.5578x10"® 

5.5466x10"® 

4.4177x10"® 

4.6040x10'® 

5.2200x10"® 

3.4656x10"® 

2.7564x10"® 

2.1004x10"® 


integration. ] 

1 .0x10" 7 
11.8 


1.58827x10' 


21.7518 


8.2840x10"* 

3.1890xl0" 2 

3.2609xl0" 2 

2.7778xl0" 2 

6.6476xl0" 2 

0.18154 

1.8315x10"® 

4.6776xlO" 6 

1.8834x10"® 


i 

li- 


ft' 


K 

h 


all species names against the master list in the BLOCK 
DATA array ALSP and automatically builds up the list 
of species being used in any problem. The code permits a 
maximum of 50 species for any problem. 

Inert species . — The names of any species present, but 
not reacting, are listed, four per line, after the reactions. 

Integration variable and units.— The next line lists the 
integration variable (TIME or DISTANCE) and the 
assigned variable (AREA or PRESSURE) for an 
integration problem. In addition, the code words for 
input and output units (cgs, U.S. customary, or SI) are 
listed for all problems. Table IV gives the input units 
required for each of the three systems. 

Problem data .— Most of the data for any problem are 
listed next in a NAMELIST called PROB. It contains the 
logical variables that designate the options desired, such 
as a well -st irred-reactor problem (WSR), a shock kinetics 
problem, constant temperature or volume reaction, and 
the equilibrium combustion computation. PROB also 


contains all of the necessary data for either an integration 
problem or a WSR problem, except the initial composi- 
tion and fluid dynamic variable values. Included are the 
assigned variable profile, printout information, and the 
assigned mass or temperature increments for a WSR 
problem. For an integration problem, printout may be 
obtained either at assigned I or x values or every n 
integration steps. 

Efficiencies for third-body collisional reactions. — The 
third-body catalyst efficiencies are listed immediately 
after NAMELIST PROB. They are present only if the 
variable ALLM1 has been set equal to FALSE in 
NAMELIST PROB. Each line of these data contains a 
third-body reaction name (exactly as previously written) 
followed by one or two species names and their 
collisional efficiencies in the given reaction. No more 
than 20 of the species in any problem may be used as 
third-body species. The code automatically makes a 
separate list of all third-body species. 
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TABLE IV. - INPUT UNITS FOR THREE UNIT SYSTEMS 3 


Variable 


Units 


Internal 

(cgs) 

U.S. 

customary 

SI 

Velocity 

cm/ sec 

ft/sec 

m/sec 

Temperature 

K 

•r 

K 

Density 

g/cm 3 

lbm/ft 3 

kg/m 3 

Pressure 15 

atm 

lbf/ft 2 

N fn? 

Length 

cm 

ft 

m 

Area 

cm 2 

ft 2 


Species 

Mole fraction or 

Mole fraction or 

Mole fraction or 

concentration 

mass fraction 

mass fraction 

mass fraction 


Motivation energy is always input in calories per mole, and 
reaction rate-constant preexponential factors are always input in 

rnc unite J r 


k 3 J • 

Pressure may also be specified as millimeters of mercury ( torr) 
in all systems. ' 


Starting conditions .— The final data listed are the 
initial reacting gas composition and starting values of the 
fluid dynamic variables. They are listed in a NAMELIST 
called START. Before this NAMELIST is read, initial 
'alues of time and distance are set to zero by the code, 
but nonzero values may be listed here for restart 
problems. The fluid dynamic variable options are as 
follows: for a constant-volume batch or WSR problem 
temperature T and either pressure p or density p must be 
given. Lor an assigned-pressure batch problem only Thas 
to be given. For a (low integration problem 7" and either 
velocity For Mach number fiR must always be given. One 
more fluid dynamic variable, either p, p, m. or A, must 
be specified. The choice is determined by the assigned 
variable chosen previously. If area has been assigned, 
only p, p , or m may be given here. If pressure has been 
assigned, only in or A may be specified in START. To 
conserve storage, the storage for A in a flow integration 
problem is used for reactor volume in a WSR problem. 
This volume and an initial tn value must be given for a 
WSR problem. 

As explained previously, initial mixture composition is 
specified by using the species variable name to list its 
mole or mass fraction. The names arc interpreted as mole 
fractions unless the logical variable MOLEF is set equal 
to FALSE. For a combustion problem composition may 
alternatively be specified by giving either the equivalence 
ratio yr or the fuel-oxidant mass ratio f/o. Equations (17) 
and (19) to (24) are used to convert cither of these ratios 
to the molar mixture composition. Complete details of 
the input for this method arc given in appendix D. 

Output 

Numerical integration problem.— Vox a batch or one- 
diinensional flow problem the code provides both 
standard and optional output. The exact units used for 


each of the three systems, cgs, U.S. customary, and SI, 
are listed in table V. All computed results are completely 
independent of the print stations assigned. The code 
performs two-point linear interpolation by using results 
that bracket any assigned t or x value to obtain the results 
at the desired point. The following standard data will be 
listed if no special codes are used in the input: 

(1) Reaction time (gas particle time for a shock 
reaction) 

(2) Axial position and flow cross-sectional area 

(3) Pressure, velocity, density, and temperature of the 
gas mixture 

(4) Entropy and enthalpy per unit mass and frozen 
heat capacity ratio for the gas mixture, where entropy s is 
computed from 



(5) Local Mach number 

(6) Mole fraction of each species in the gas mixture 

(7) Molar concentration of each mixture species 

(8) Net species production rate W it defined by 
equation (1). This is the net formation rate of the species 
due to all chemical reactions and, of course, is negative if 
the species is actually being destroyed. 

(9) Net reaction conversion rate Xj for each reaction 
defined by equations (A4), (A12), or (A24) in appendix A 

(10) Rate-cons*ant value for each reaction. The 
reference rate-constant formula is used for collisional- 
catalyst reactions. 

(11) The equilibration factor defined by equation (3) 

(12) Mixture molecular weight 

(13) Mass fraction sum 

(14) Total energy exchange rate given by 


c\: 

0| : huu, 


table V. - OUTPUT UNITS FOR THREE UNITS SYSTEMS 


Variable 


Velocity 

Temperature 

Oensity 

Pressure 

T ime 

Length 

Area 

Species concentration 

Species production rate 

Net reaction conversion 
rate 

Net energy exchange 
rate 

Reaction rate constant 

dV/dq 

dp/dq 

dT/dq 

do./dq 

Mass flow rate 

Entropy 

Enthalpy 


Units 


Internal 

(cgs) 


cm/ sec 
K 

g/cm 3 

atm 

sec 

cm 

cm 2 

Mole fraction, 
mass fraction, 
(g/mole)/cm 3 
(g mole)/cm 3 sec 


g mole 
cm 3 sec 
cal 

cm sec 


/• 

/• 
cgs units 3 
(cm/sec)/unit q 
(g/cm 3 )/unit q 
K/unit q 
(g mole/g)/unit q 
g/sec 
cal / (g K) 
cal/g 


U.S. 

customary 


ft/sec 

# R 

lbm/ft 3 

lbf/ft 2 

sec 

ft 

rt 2 

Mole fraction, 
mass fraction, 

( lb mole) /ft 3 
( lb mole)/f t 3 sec 
lb mole 


ft^ sec 
Btu 


/’ 

/•' 


cgs units 3 
(cm/sec)/unit q 
(g/cm 3 )/unit q 
K/unit q 
{g mole/g)/unit q 
lbm/sec 
Btu/( lh *R ) 
Btu/ lb 


SI 


d Unit$ for first-order reaction are sec’ 1 . 

Units for bimolecular reaction are cm 3 mole’ 
Units for termolecular reaction are cm 6 mole’" 


m/sec 

K 

kg/m 3 

N/m^ 

sec 


Mole fraction, 
mass fraction, 
(kg mole) /m 3 
kg mole) /m 3 sec 
kg mole / 2 

m 3 SwC / 

- A -/. 2 

m sec / 

cgs units 3 
<cm/sec)/un1t q 
(g/cm 3 )/unit q 
K/unit q 
(g mole/g)/unit q 
kg/sec 
J/(kg K) 
J/kg 


1 sec’ 1 . 
sec’ 1 . 


Xll- 2 


(103) 


This quantity is proportional to the net heat release rate 
tor the entire complex reaction and may be useful in 
ignition processes. 

(15) Heat loss rate if different from zero 

( 16 ) Integration indicators 

(a) Steps from last print 

(b) Average step size since last print 

(c) Total number of derivative function evalu- 
ations during the integration 

(d) Total number of Jacobian evaluations during 
the integration 

The following optional output may be obtained by 
simple changes in the input data: 

(1) Species mass fractions may be listed in place of 
molar concentrations by setting the logical variable 
CONC equal to FALSE in NAMELIST PROB. 

(2) The net energy exchange rate for each reaction 


X Hj , defined by equation (9). may be listed instead of th 

™ C °" VCrSi ° n ra,e by settin 8 th e logical variabl 
fcXCHR equal to TRUE in NAMELIST PROB. 

(3) Additional data or intermediate output may b 
listed if desired. These data are useful for studying th 
effect of individual reactions on gas composition or fo 
diagnosing problems by using the code. This option i 
chosen by setting the variable DBUGO equal to TRUE ii 

NAMELIST PROB. The following quamitie” afe the 
listed: 

(a) Derivatives of aP dependent integratiot 
variables, V, p, T, and the a/s, with respect to th< 
integration variable 

J he mass and energy production functions A 
and B or A and B 

(c) For assigned area the quantities dA/dq 
cPA/dq2' and either 


1 AL 

A dq 


-A 
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arc given in parentheses after the subroutine name. Flow 
charts are given for important subroutines. 


For assigned pressure the quantities dp/dq. cP-p/dql, and 
(\/p) dp/dq are printed out. Here q is either / or x 

(d) The matrix Q in which each element Wii is the 
rate of production of species i due to reaction j as defined 
by equation (6) 

Well-stirred-reactor problem . — For each assigned mass 
How or temperature increment the following data are 
automatically primed out after successful convergence: 

(1) Initial and present values of pressure, temperature, 
entropy, density, enthalpy, molecular weight, and heat 

capacity ratio of the gas. Ratios of present to initial 
values are also given. 

(2) Initial and present values of both the mole fraction 
and the mass fraction of each species 

(3) The assigned reactor now rate m and volume v as 
well as m/v 

( 74 )) average gas res 'dence time given by equation 

(5) The number of iterations needed for convergence 

(6) The heat loss term Q/m, when used 

If the integer variable MPR in NAMELIST PROB is set 
to a value n greater than 1, this printout will occur only 
every „<h convergence. If the numerical solution 
encounters trouble, the DBUGO = TRUE switch is 
automatically turned on. This causes the printing out of 
the current values of all variables and their logarithmic 
increments as well as other useful data before the 
computation is terminated. The same DBUGO switch 
may be purposely turned on, as with an integration 
problem, to obtain useful intermediate output for 
following the details of the computation. 

Program Organization 

The GCKP84 code is organized into five major 
sections, consisting of the main program and 30 
subroutines. These are (I) control, (2) input/output, (3) 
chemical kinetics, (4) numerical integration, (5) well- 
stirred reactor/shock combustion. We have tried to make 
these sections independent of each other, as much as 
possible, except for the reading and processing of input 
data. The well-stirred-reactor/shock-combustion section 
uses subroutine THRM from the chemical kinetics 
section as well as parts of DIFFUN and PEDERV but is 
otherwise self-contained. The numerical integration and 
chemical kinetics sections are completely self-contained. 
The following sections describe the function of -ach 
section of the code and of each subroutine in the section. 
The names of nonstandard entry points into a subroutine 


Control Section 

GCKPSd 011 !! 01 SCC, j 0n f COntains j ust «*•« main program, 
GCKP84. it provides for problem setup via a series of 

calls - " W or solution, either 

ell stirred-reactor or numerical integration problem. Ii 
monitors the latter type and provides an output call 
whenever a print station is reached (fig. 2). 

Input/Output Section 

This input/output section is called for all problems It 
reads, converts, and writes out all input data and numer- 
ical integration results. It also performs the necessary 
bookkeeping functions such as building tables, setting 
option switches, and storing data for later use. 

KINP (RINP). Subroutine KINP processes all input 
ata. It initializes, sets all standard options, reads all 
input data, and converts them to internal (cgs) units. This 
routine also calculates heats of reaction at a reference 
condition, builds tables, and provides calls for shock and 
equilibrium combustion computations (fig. 3 ). 

CIMAGE .— Subroutine CIMAGE prints an image of ■ 
the input dataset. 

BLOCK DATA.— Subroutine BLOCK DATA 
contains, in block data format, the master species list and • 
the molecular weight of each species in the list, as well as ) 
alphanumeric data for testing and input and logical tape i 
unit numbers. * 

siiuli TS , ^ U,inC INIT reads in initial conditions via 
NAMELIST START and stores initial species composi- 
tions in a table provided by KINP. 

01/77. -Subroutine OUT1 prints out chemical . 
reactions, reaction rate-constant parameters, third-body . 
efficiencies, and information about the type of problem • 

being done, including the assigned area or pressure 
profile, if used. 

Of/77 (OUTSTR, OUT3).— Subroutine OUT2 prints 
out the initial thermophysical and chemical gas properties 
for all problems and the equilibrium combustion condi- 
tions that are used as starting estimates for a well-stirred 

mUn 0 ,' P /° blem - Its main fun «ion is to provide general 
output for numerical integration problems at each 
a, signed print station. For these problems it provides all 
output except shock and constant-pressure equilibrium 
combustion results. Output data are converted from 
internal units to the user’s desired output units, and 
certain parameters are computed that are required only as 
output. These are total entropy and net energy exchange 
rates for the reactions. * 

7?AT<9t/7’.— Subroutine RKTOUT computes and prints 
out the rocket performance parameters listed previously 
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Figure 2 .— CjCKP 84, main control program. 


for rocket performance computation, when called from 
OUT2. 

Chemical Kinetics Section 

In the chemical kinetics section, called for all prob- 
lems, all chemical and flow parameters are computed. In 
particular, thermodynamic functions are evaluated and 
net reaction and species production rates are "omputed as 
are enthalpy Joss terms. All required total and partial 
derivatives are also evaluated. 


D1FFUN (D1FFW, D/m;. -Subroutine DIFFUN 
computes directly or calls for the computation of thermo- 
dynamic properties, net reaction rates, pressure, specific 
heat ratio, and Mach number. It uses these results to 
compute all total derivatives with respect to the 
independent variable for an integration problem (fig. 4). 

PEDERV . — Subroutine PEDERV computes all partial 
derivatives for both integration and well-stirred-reactor 
problems and computes the Jacobian for each step of a 
numerical integration (fig. 5). 
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get thermodynamic 
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initial ) 
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Figure 3. Subroutine KINP. routine for reading in all data, initialization, and problem setup. 


HETRAN (VISCON).— Subroutine HETRAN com- 
putes the heat transfer terms Q/m (or Q/m) and D for all 
problems. It also reads in thermal conductivity and 
viscosity data, if they are used for the computation of 
Q/m . 

THRM . — Subroutine THRM computes the dimen- 
sionless thermodynamic properties H,/RT, G,/RT S,//? t 

(C p ) /R. and (dC p /dT) /R from polynomial curvefit 
equations. 

CUBS fC7/VPj,— Subroutine CUBS computes assigned 
variable values and derivatives either by evaluating a 
polynomial or special function or by calling a cubic 
spline-fit routine when a table of values is given. 

v» 


SPLINE . — Subroutine SPLINE performs a cubic 
spline fit by using the first -derivative method. The end 
conditions give parabolic runout. 

Numerical Integration Section 

The numerical integration section is called for batch 
and one-dimensional flow reaction problems. 

DRIVE. Subroutine DRIVE controls the numerical 
integration routine. It makes repeated calls to the core 
integrator subroutine and calls for interpolation when an 
assigned print station is reached. It also sets error flags 
and gives appropriate messages when the integration runs 
into difficulties (fig. 6). 



Of POOH k- - 



f igure 4.— Subroutine DIFFUN, routine for computing reaction rate data and all derivatives of integration 


variables 
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Figure 5.— Subroutine PEDERV, routine for computing all partial derivatives and Jacobian setup. 
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(if\I Subroutine C PINT is the core integrator 
Mihiuiuino. It uses an implicit predictor-corrector 
method lor still diltereniial equation systems to perform 
one step of the numerical integration and checks that the 
error is within required limits. 

/ % TERR. —Subroutine I N I I: RP interpolates between 
twi> integration steps to obtain values of the dependent 
variables at an assigned print station. 

t O.St. f . Subroutine COSET* is called by subroutine 
C PIN I and sets coefficients used there. 

. Subroutine PSE1 is called by subroutine 
(/PINT to obtain die Jacobian (by calling PEDERV). 
Lsing the Jacobian it computes a related matrix P, which 
is used later by CPI NT for solving linear systems. 

PEC.— Subroutine DEC is called by PSET to triangu- 
lari/e the matrix P by Gaussian elimination. 

SOi .. — Subroutine SOL is called by CPINT to solve a 
linear system whose coefficient matrix was obtained by 
DEC. 


W cll-Stirred-Reactor/Shock-Combuslion Section 

In the vvell-surred-reaetor/shoek-combustion section 
well-stirred-reactor computations as well as frozen and 
equilibrium combustion and shock computations an' 
performed. Output is converted and written within the 
section. Provision is also made here for the transfer o! 
frozen shock results to the input/output section to be 
used as initial conditions for the kinetic computations. 

M ".V/f.— Subroutine W SR sets up the Jacobian for each 
step of a well-stirred-reactor computation and performs 
die complete iterative solution. It calls subroutines 
Dif I L N and PEDERV to obtain starting conditions and 
Jacobian elements for each iteration at a given mass flow 
rate. It also calls subroutine EQLBRM to compute initial 
estimates (/w-0) of density, temperature, and gas 
composition and subroutine MATRIX for solving the set 
of linear equations for the logarithmic corrections 
(fig. 7). 

WSOUT . — Subroutine WSOUT converts and prints 
out final results of a well-stirred-reactor solution for a 
given m value. It is called by WSR. 

COMB . — Subroutine COMB provides the setup and 
necessary subroutine calls to perform a constant-pressure 
equilibrium combustion computation and print out the 
results. It is used when a constant -pressure ignition 
problem is being integrated if the user wants to know how 
far from completion the reaction is at any reaction time. 

SHOK . — Subroutine SHOK provides the setup and 
subroutine calls for computing both frozen and 
equilibrium shock processes. 

SHOCKS . — Subroutine SHOCKS solves the shock- 
wave continuity equations for both equilibrium and 
frozen cases. 

/•.*/. CMC AT. —Subroutine ELEMENT sets up a table 
ol all elements present and their concentrations in atoms 


per gram of mixture. These data are used for equilibrium 
shock and combustion computations. 

EQLBRM . — Subroutine EQLBRM performs the 
equilibrium shock and combustion computations using 
subroutines GAUSS and MATRIX. These three sub- 
routines are modifications of those used in the Gordon- 
McBridc chemical equilibrium code (ref. 8). 

MATRIX . — Subroutine MATRIX sets up the matrices 
required for the iterative numerical solution of equili- 
brium reaction problems by using subroutine EQLBRM. 

GAUSS . — Subroutine GAUSS solves the linear 
equations set up by subroutine MATRIX. 

SPOUT (ECOUT, ESOUT . FSOUT ).- Subroutine 
SPOUT provides for the printout of all results of shock 
and equilibrium combustion computations. It converts 
output data to the user’s requested units, transfers frozen 
shock results to the input/output section, and computes 
the characteristic shock-tube reaction length L m in 
centimeters if this computation is required. 

Concluding Remarks 

A general chemical kinetics computer code, GCKP84, 
has been described that computes the progress of many 
types of complex gas-phase reaction. This new code 
replaces the original GCKP code and offers greatly 
improved efficiency as well as several new capabilities 
and convenience features. The code now permits solving 
the general differential equations for flow, batch, and 
shock-tube reactions and the nonlinear algebraic 
equations for the highly backmixed well-stirred reactor. 
In addition, heat loss or addition to any reaction may be 
simulated. The flexibility and efficiency of the code have 
been improved, especially by the use of a significantly 
faster numerical integration method. Comparisons have 
shown the new code to be 10 to 20 times faster than the 
original one while maintaining the same accuracy. A set 
of 12 typical test problems (appendix F) gives individual 
case running times ranging from 0.74 to 25.9 sec on the 
IBM 370/3033 computer. Reactions and species consid- 
ered are specified by the usei . In its present form the code 
permits a maximum of 50 species and 150 reactions to be 
cons idered fer any problem. The new code allows the use 
of additional types of chemical reaction, including 
photochemical reactions and those involving excited-state 
species. The new code is written in Fortran V and was 
developed on the IBM 370/3033 computer. It may be 
available through the COSMIC organization at the 
University of Georgia in Athens; additional information 
about it can be obtained (rom the authors. 


National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio, March 26, 1984 




Appendix A 

General Net Reaction Rate Expressions and Partial Derivatives 


* 
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Non-Third-Body Catalyst Reaction 

Because the GCKP84 code allows at most two reactant 
and two product species, equation ( 2 ) will be written in 
the more specific form 
*/ 

"ijSl + Z »'3j 5 3 + (Al) 

*-/ 

Here subscripts 1 and 2 represent the specific reactant 
species and subscripts 3 and 4 represent the particular 
product species for reaction j. We define n, to be the 
concentration of S,- in moles per unit volume and note 
that 


n, = p<Jj 

The net molar reaction rate is 


(A2) 


(A3) 


Using the definition of Xj (eq. (7)) and equations (5) 
and (A2) we get for Xj the expression 

x, - kj j,-.-.- V’-?' - f — ~ j (A4) 

We need the derivatives of Xj with respect to p, T, and the 


a. s. 
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dXj _ kjp" i + ,, «i-yw d In Kj . v d\nkj 
dT Kj dT + j dT 


dXj , •'li + "li - 2 »i y - 1 rjj 

~ k j v V)P ®l y 
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•’l| + *’lj-2 K,| — 1 

Q\ <?2 


(A5) 


(A 6 ) 


(A7) 


(A 8 ) 
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dXj ^ -kjt > 3 jp h 4j ~ <73 


^4 


d<*3 




dXj _ -kj» A jp’’> i + '*> 
3(74 


(A9) 


(A 10) 


If either species Sj or S 4 or both are absent, the corres- 
ponding *>jj factor is set to 0 and the a, factor to 1 . 

Third-Body Dissociation Reaction 

We shall write the general reaction as 


*7 

M + fySj ~ •'jySy + >' 4 yS 4 + M 


(All) 


where A/, the catalyst collision partner, may be any 
species present. The Xj for this reaction is 




n M n sl >n s*’ \ 
K j ) 


(A12) i 


The total concentration of catalyst molecules is given 
by 


where 


NS 

M j = £ m i) a i 

I - I 


(A 13) 


(A 14) 


Here Af y is the third-body efficiency factor for reaction j, 
and my is the third-body efficiency factor for species i in 
reaction j. This is a correction only on the preexponential 
factor Aj of the rate-constant expression (eq. (3) or ( 4 )) 
and is defined as 


I71ij = 


(»A 


(A 15) 


where (Aj) 0 is the Aj value for a reference -pecies as 
collision partner and is the value used in the rate-constant 
data for a computation. Using equations (A2) and (A 13) 
in (A12) gives 
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Xj - kjMj (p^ 1 " 'op 1 - — 


(A23) 


OF i * L ’ j 


V h ♦ *4j “ 1 *lj *4| 


The partial derivatives of Xj are 


(A|7) 

(A18) 

f . . h,-| ri..i 

= kjMjV2]P " a 2 " , + r^m 2j (A19) 


3Ay _ -kjMnp* * " 'aj’ 1 " 'a?* JT 


+ r/m 3j (A20) 


" 0 - - Wm ’***' 1 ##’ 1 , *,• „ fvn 

3a 4 Ay + ^ 4i (A2,) 

Since Mj is an explicit function of all <x*’s f whether or not 
the species concentration is changed by reaction j, we also 
have the nonzero derivatives 


M + vjjS, + v 2 jS 2 ~ v 3 jS 3 + M 

k.j 


The Xj for this reaction becomes 




The partial derivatives are 


= kjMj [<* + r 2 j - 1 )p ¥ " + ' 5 ’~ 2 <r\"<J2' 




(vj. - l)p 


*y J 




din Ay v din Ary 

dT +X i dT 


(A25) 


+ Xf.^j (A27) 

= Ar / A/yv 2 / 1, + ^- , aW , + (A28) 


S = My <*»> 

where species k is only a third-body catalyst for the 
reaction. 


Third-Body Recombination Reaction 
We write the general reaction as follows: 


dXj _ - kjMpy/* ~ l o?> ~ 1 Xj 


Mj m * 


dXj _ Xj 
da k Mj' 


(A29) 


(A30) 


where species k is only a catalyst molecule for the 
reaction. 




Appendix B 

Numerical Solution for Well-Stirred Reactor 


The set of algebraic equations (75) and (76) is solved by 
a Newton-Raphson numerical technique. First, they are 
rewritten in the form 


/,<o* ,T) = p2 £ (*'i j - vjjJAy + ^-(a‘ - oft = 0 
i m • v 


m 

Oj 

i= 1,2 N \ (Bl) 

NS n 

/yv +1 (j*,r)= £ (pjHj - o'jH]) + ¥ = 0 
t = i 


m 


where the vector o' is a shorthand representation of the 
concentration variables. 


a z =(o\,02> a ‘it—> a N) 


(B2) 


In these equations N is the number of reacting species, 
NS is the total number of species present, including 
inerts, and / is the total number of reactions. 

The fj s of equation (Bl) are expanded in a Taylor 
series about the values at the next point (a* n+I , r n+ i): 


r i(^n + uT„ + i)=f^ n .T n ) + X bo kt „ 

+ (rrK 


/= 1,2,3, ...,A/+1 


(B3) 


In this linearized expansion 6o kn and bT n are the 
corrections to the unknowns in going from the to the 
(n+ l)‘h iteration. If proper initial estimates are chosen, 
the new corrections will ultimately make all of the /,’s 
approach zero, which they must do at convergence, 
according to equations (Bl). Thus setting the left sides of 
equation (B3) equal to zero gives a set of N + 1 linear 
equations in the N+ 1 correction variables: 


I, (I)>- + (sf)„ sr - 


T n ) 


» = 1,2,3 N+l 


(B4) 


To avoid negative concentrations in the iteration 
procedure, it is necessary to convert to logarithmic 
correction variables. If q is any variable, we have 


Mi _ Mi In q _ 1 dfj 

dq din q dq q din <7 

and also bq/q = <5(ln q). 
Therefore we get immediately 


and the system of equations (B4) can be rewritten as 


- -Mr„.T n ) 


<=1,2,3 N+l 


<B5) 


This set of linear •% jations in the logarithmic 
correction variables is v '-ed in an iterative procedure 
until the corrections approach zero within a specified 
accuracy. The Jacobian elements ( d/y/dlno*) and 
( df/dlnT) can be computed rom equation (Bl). In 
differentiating, the density p is a sated as a function of 
the of s and T obtained by combining equations (41) and 
(42) 


P = 


RTo m 


(B6) 


NS 


where o M = X «x ( . The resulting formulas, after some 
1 = 1 

simplification, can be written 


Mi 


din <7* 




- • dc„ c M —• *« 

k= 1,2,. ...Af; /= 1,2,. ...A/ (B7) 


where 5^ is the Kronecker delta 

Mi _ 2t v 1 / • 

din 7* P r 7 ?, ( " ij V ' ]) ~DT 2W ' 


i— 1,2 N 


(B8) 
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OK., 

OF r;.v. 

. » 

atoil *-'’ 2 N 

(B9) 

V/V. 1 _ T ^ a lr \ l T d Q 

(BIO) 


The derivatives DXj/Da * and DXj/DT are related to 
the partial derivatives of Ay obtained in appendix A in the 
following way: for the well-stirred reactor we have 


Xj = Xj(p,T,5i) 
where 


P g(T,a k ) RTom 
The chain rule gives 


DXj 

dXj 

dX, 

+ — i 

dp 

Do k ‘ 

* do k 

dp 

da k 

and 




DXj 

dXj 

dX, 

+ — i 

dp 

DT 

= dT 

dp 

dT 


(Bll) 


(B6) 


(B12) 


(B13) 


In applying this solution method, initial estimates are 
obtained by performing an equilibrium combustion 
computation for the assigned initial enthalpy and 
constant pressure and m = 0. The equilibrium conditions 
along with a small assigned m of less than 100 g/sec are 
then used to obtain the first WSR solution for a near- 
equilibrium situation. The results of this solution are then 
used with another small m increment to obtain a second 
WSR solution. The process is continued with additional 
mass flow increments until the solution for the desired m 
is obtained. It was found necessary to set minimum 
values for all species concentrations at all times, 
including the initial equilibrium estimates. A minimum 
value of ff,= lx lO-io moles/g is used in the code at 
present. 

It is sometimes convenient to interchange the roles of T 
and m in this computation. If desired, a temperature 
increment can be assigned and the m increment can be 
made the (N+ l) lh variable. This option is built into the 
code. The only changes needed are the replacement of 
derivatives of the //$ with respect to T by derivatives with 
respect to m. From equation (Bl) we obtain 


— = — (of -Oj) 
d(ln m) v 


/= l,2,...,Af 


(B16) 


df N 


dflnm) 


m) dm \ m / 


By using the results dp/do k - -p/a^f and dp/dT = -p/T, 
we get for equations (B12) and B(13) 


Usually Q will be specified as a quadratic function of 
temperature (eq. (25)) so that we may write the last 
equation as 


DX, dXj _ p_ dXj 
Do k dot o M dp 


<B14) df N+ , = _ Q_ 
dflnm) m 


(B17) 


DX, _ dXj^ _ p dXj^ 
DT ~ dT T dp 


(B15) 


Equations (B16) and (B17) replace equations (B8) and 
(BIO). 


ill 
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Appendix C 

Partial Derivatives for Numerical Integration 


A number of partial derivatives must be computed in 
implementing the multistep numerical integration 
procedure for solving the general system 


d l± 

dq 


-fiiq> Y\. 


Y 2 . 


•• Y m ) 


(Cl) 


where 
q = t or x 


i- 1.2 m 


At each step a Jacobian is set up that consists of the 
elements 


In the following equations the symbols A*. B\ and 
D„* will not be used. The symbols A, B, and D„ will be 
assumed to have definitions consistent with the particular 
fi definitions being used. 


Assigned Area Flow Equations 

The following equations obtained from equations (34), 
(56) to (58), and (8) are used for the //s: 


fi 2 ^ *is) 


/= 1,2,3,. ..,Af 


(C3) 


where Z=p for <7 = rand Z=pV for q=x. 


„ _ dfj 

diJ ~di ~j (C2) 

For the GCKP84 code the following variables are 
identified: 

Y i = i- 1,2 A' 

Yn+ i = V 

Y h+2=P 



(C6) 


Y N+ 3 = T 


First, the derivatives for /3, y for ij= 1,2 Ware 


Here N is the number of reacting species in the gas 
mixture. The following simplified notation will be used 
for the derivatives of the Yfs: 


/j.._ Qfi _ P 2 . , dX s 

013 doj Z 


r = d °i 
J dq 


/=!. 2, 


,N 




dV 

dq 


/n+2~ 


dp 

dq 


/n + i 


dT 

dq 


Next for / — 1 ,2 N we have 


&i.N+ I * ^ ! 


A 

v 


if q-t 
if q-x 


q . , _ % _ fi , P 2 , . . dX s 

^'• yv+2 -^-p + z 

q . _ dfj _ p 2 , . &X S 

I./V + 3 dT z L ("is ~ *'i$) -T~ 


(C7) 


(C8) 

(C9) 

(CIO) 
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Next we write the derivatives of f N+ For t= l,2,...,yV 
we have 


0,v+ i.r 


<Vn + i 

do, 


DTI 2 


Then 


(Cl 2) 


d = All* _ 1 ( _ . ./ 3p v 

^yv+ i.Af+ i 3rt 2 -lV ^aF 

1 dA _ , 3DR 2 \ 

„ _a/ N+1 _ k / 3A , ao„\ 

0N+, -" +2 " IT ~ V" a^ + "to ) (C13) 

P/V+l„V + 3 dT gjj2 _ j y dT dT ) 


fsjr I aori 2 
dti 2 -i ar 


(Cl 4) 


Next we write the derivatives of /}v + 2- For /= 1,2,...,/Vwe 
have 


« _ 3 /n+ 2 _ p ( aA aD„\ 

/v " 2 -' a a,- ~ on 2 - i \ a<r, do,/ 


(DTl 2 -l) 2 

/ I <M . _\3DR 2 

Uw* +D ”)isr (CI5) 


Then 


0/V + 2./V + I = 


1 

IN 

+ 

£ 

1 

P 

_(i 

dA 

dV 

(DR 2 - 

-i) 2 V> 

dq 

3DR 2 

V X 

P 

/d\ 

a Dy 

3K 

DR 2 - 

1 VaF - 

dV 

I 

? 

+ 

K» 

l 

P 

/ 3A 

. 

dp 

DR 2 - 

1 \ap ‘ 

dp 


(C17) 


„ _ a/v+2 _ p / aA 

p/v + 2.A7 + 3 dr _ \ar ar / 

p ( 1 dA . _ \ 3DR 2 

+ (DR 2 - l) 2 \ A dq A + D v ar 


* J . % , ’ 

OF i-\.. . 

Finally we write the derivatives of //v+ 3 * For / = 1,2,. ...A/ 




we get 

\ da, da ; 


&N + 3,» = 

, 3dr 2 \ 

(Cl 1) 



a^i DTI 2 - 1 doj gij2 _ i da , 

=■»:(' « AtDk )«e. j* 

(DR 2 -1) 2 \A <*7 / do, 3Tl 2_ j 

>.)£-£, «=■’> 


Then 


(C20) 


(C21) 


_ a//v+3 (7-i)^Jii 2 aA ( 7 -i)r 

PN+3.W+1 aK gR 2_ 1 3K (DR 2 -!) 2 

/ i cm . _ \ aorc 2 

x (/t dq A + D 7 dv 

7T(7DR 2 — 1) 3D y _3B 
DTI 2 - 1 W W 

O _ a/fv + 3 _ ( 7 -l)rDR 2 3A 

^ + 3.At + 2= -5 ^TZY~ Tp 

_ 7{7DR 2 -l) ap_„ _ r 3B 
DR 2 - 1 9p dp 

a _ Vn±1 f _ A 4. ( 7 — l)7^Tt 2 a_A 

PW+3.AM-3 ar r + glt2 _ 1 ar 


_ 7I7911 2 — 1) 3Dy (7-l)r 

dr 2 -i ar (dr 2 - i) 2 

/l(f^ . _ \ 3DR 2 TDR 2 

\<A dq + 7 3T DR 2 - 1 
/ 1 <M . _ \ 37 3B 

X \v4 dq A + D 73r T dT 

Asslgned-Pressure Flow Equations 

For this system the equations for /„ 1 = 1,2 N, are 

unchanged and given by equation (C3). The remaining 
fi’s are defined from equations (68) to (70) as 


(C22) 


, __ 1 dp 

pV dq 


(Ci8) / ^ 2=p (4i“ A+Dy ) 


(C23) 


(C24) 
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«t t » t.i 


UtK.V-v.t .. » - * 

OF PCO:i v 


The required new matrix elements are given by 

' = 1.2 N 


a _ 3/v+| _ “//V+l 

M/V+ I.A/ + 1 — -jp y — 


a _ V/V+l _ ~fN+\ 

0 ' v+ '.^ + 2- ~d^ ~ 


a _ «//v+i _« 

0/V+ I.N+3 Jr= 0 


&N + 2,i = 


_ d/v +2 _ _ dDy^ 

^> 2 .^ 1 --^ --P^- apj (C3i) 

,? _^/n + 2_/n+ 2 /dA dD t ,\ 

tN+i.^2- — p — a^r y (C32) 

„ d/ v + 2 f 1 dp dy dA dD v ) 

0v+2 - v * J = -ar = ^ ar + ar ' af j 


dA 

dDy 

■P j- + 

doj 

p da, 

1 = 1.2, 

...,N 

dD„\ 


dK y 

1 

/dA 

dD,,\ 

\ dp 

dp ) 


d/v + 2 


0.v * 3./ = 


Ll? = 7 f J_ ^2 _ 1? _ I 

7, V.7 2 P <*/ do, do, do, J 


/=1.2 N (C34) 


_ d/vp _ /y + 3 . T dp by 
/+ 3 ./V+ 3 — dr r + y2ffdqdT 

-r( d * + d ±A 

\dT dT J 


Batch Reaction Equations 

The equations for species concentration change with 
time (eqs. (34)) are the same as for flow reactions. We 
only need new formulas for 0 it , where i = N+l, N+2, 
and N+ 3. 

Constant-volume reaction . — Since density is an 
assigned constant and velocity is zero, the only variables 
to be solved for are the o,’s and T. The only changed 
Jacobian elements are obtained from the temperature 
equation (eq. (50)). We define 


/ N+3 = -7-[B — (y— 1)A + 7 D] 

and obtain the following new formulas: 

p d/yv+3 


£n+3,/ = 


r dB dA A dy dD 

r |_do, (7 ) dff, +( A) d«7, +7 dff, 


i— 1.2 N 


d fN + 3 


O _ J tv + 3 

PN+ 3./V+3 of- 

/ * v dA _ A ^dy aol 

^Ldr (y d7 + D A d7 + 7 dTj 

+ (C40) 


The values of 0n+j.n+\ and 0/v+3,/v+2 arc zero when 
this type of problem is solved, as are all the 0^+ 1 ./ and 
d/v + 2 ,/ elements. 

Variable-volume-assigned-pressure problem . — For 
this situation the variables to be solved for are p, T, and 
the 0 ,’s. The temperature and density derivative 
equations are given by equations (43) and (44) and we 
make the definitions 


,j d/v ,j _ 

0\' . 3..V • I = —fiy~ = " T 


p d/v + j 

P\ * 3..V <- 2 ~ —5 = - / 

dp 


("♦S’) IC36) / “-- , '[( x r);J- , - D ] 


© 


14 


m 






Of ru- 


• he new formulas for the Jacobian elements are then 

> _ 3/v 4- ; -p dp 3> 3 A 3D 

% 3a, -y2p dt 3a, P 3a, +P 3a, 


/=1,2 /V 


^ dfN+i fs + 2 / 3A 3D\ 

Ti --'U'S) 

<5/v * 2 


(C43) 

(C44) 


tf\>2..V+3 = 


ar 


-pf _L d _p <h ^ _ ?p\ 

\y2p dt dT* dT dTJ 


(C45) 


8, _ d/NO _ r / 1 dp 3B 3D\ 

do* \ -y2p dt do/ do\ doj ) 


i=1.2 A/ 


« a/v+3 _/3B 3D\ 

nsr-- r U * rp ) 

p ., , u 3 /v+3_/v+3 t-/' 38 . 

pn + },n + i — dT - — 

+ Z_dp * 2 

■y2p dt dT 


(C46) 

(C47) 


(C48) 


Additional Partial Derivatives 

In using the differentiation formulas just given, several 
additional formulas for the derivatives of Xj, A, B, D, 
D„, $Ul‘, and 7 are needed. The derivatives of the Ay 


factors were computed in appendix A. Formulas for the 
derivatives of A, B, 3I1 2 , and 7 were derived in appendix 
C of reference 1 and will not be repeated here. The 
necessary derivatives of D and D„ are obtained from 
equations (49) and (59). 


3D 

da 


<i °[ 7(7-1) Mw \ 

r P = D T P ln (-%r) 


/= 1.2 N (C49) 


(C50) 


ap 

dT 




D dy 


7(7-1) dT 


(C51) 


The derivatives of D„ for a flow reaction are the same as 
for D, except that m is replaced by m, the mass flow rate, 
and we also compute 3D , /dV 


d°i Dy ( 7(7 — 1 ) Z M ") 

w m 


(C52) 


(C53) 


(C54) 


a Dy 
dT 


■ D 4'"(|-)-TM^r,a-r < c ”» 

The derivatives of the heat transfer terms are computed 
by using either equation (25) or equations (28) to (34). 


.*»• 
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Appendix D 

Input Data Preparation and Error Messages 

a ;r >»» wns. Fits,. we describe ,h« data*, fo, 

.ill sho. the user ho. „ ™* 

each case. Finally we .is, souse of ,h, code error osesslg^d S™‘ x ;r£ n ' W f0f 

Input Preparation 


' - ••••» ‘■•w wrmcn in columns 1 to 3. 

.iss^r^rr^; - ** 

rC l ^ h f ° r 7 page 'of "output!** “ * WhiCh “ 

paniciparing^p^« n^esand™t^cWomMriccocfririenis"ri^ifferent”n)m^) and ril^rale C ° nta ' nS 
parameters /!;, * /t and either £ or r fens m mu Vu / I) and the rate-constant 

different from she format used in the original GCKP code, is'as'fohows™ 2 ' C< ' aC '' “ ,h ' Ch “ 

Columns Format Content and explanation 

J-ll M4 f'° i ' hiom « ri = of first reactant; if left blank. I is used 

( ) ame of first reactant, if two reactants are present 
(b) Letter M in column 4 if a collisions decomposition 

12 Not rad m C ° IUmnS 4 t0 6 if 3 P hotochemic ^ decomposition 

<3-15 F3. 1 Stoichiometric coefficient of second reactant (only reactant if a 

decomposition reaction) 

2 ^4 Name of second (or only) reactant 
24 Not read 

26-28 A\ ? Ua ! Sign if react ‘ on is reversible; any other symbol if it is irreversible 

till F3.1 Stoichiometric coefficient of first product C 

29-36 2A4 Name of first product 

3 2 Not rad 

1 Stoichiometric coefficient of second product 

2A4 Name of second product, if present 

49 Not rad 

5?-60 cm 4 4 C r b,ank f ° r C , qUati ° n (3): Writc ‘‘ S ” if equation (4) is used for *• 

” w E10-4 Aj for equation (3) or (4) ,or */ 

^1-62 Not read 

i3-70 F8.4 nj for equation (3) or (4) 

'•-72 Not read 

13-80 F8.4 Ej for equation (3) or c, for equation (4) 
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11-18 


21-23 


31-33 


Content 
TIME 
DISTANCE 
PRESSURE 
AREA 
Blank 

CGS or blank 
FPS 
SI 

CGS or blank 
FPS 
SI 


STSTS r «££2 1 “ ,al numb " ° f « — .50. or „„ 

efficiencies m„ (e q V (A141) The e n d^nh^"°1 or , dlssocla ' ,on f ' ac, ' ons retiuiring third-body 
cencf/on to toHrt L?,n "11 1 T"°" “ 1 r"«' »' « «»»* /to to to, 

to T< T"" 8 plus ,nCTt sptciK musl nM excMd 50 in the present code, 
m™ „ V , a ", d un ' ,s_A Sl "e |e specifies the variable of integration, the assigned variable 
or pressure), and the desired input and output units. Its exact format is as follows: 

Columns Content Explanation 

riMF Time is the integration variable 

Distance is the integration variable 
Pressure profile is assigned 
Area profile is assigned 

Velocity is zero; no assigned pressure. Volume must be constant 
Input in internal (cgs) units 
Input in U.S. customary units 
Input in SI units 
Output in internal (cgs) units 
Output in U.S. customary units 
Output in SI units 

and a " l08ical *«<*«« « «, 

me iNAMtLlbi called PROB. The names of all variables in PROB are given below If no value k 
L™r anable ’ ‘ he COd ‘ - 8 deraUl ' Val ” " «• Th ' slhudard options°are shown^yVn 

Explanation 

All collisional efficiencies for third-body reactions are equal to 1; none 
are listed in data 

Some collisional third-body efficiencies are to be read in 
Perform equilibrium combustion calculations 
Do not perform equilibrium combustion calculations 
Composition to be output as moles per unit volume 
Composition to be output as mass fractions 
Print intermediate output 
Do not print intermediate output 

Relative error control parameter per integration step; set equal to 
1 x 10-6 if defaulted 

Net energy exchange rate to be output for each reaction 
Net conversion rate to be output for each reaction 
Initial step size for integration in centimeters or seconds; default values 
are 5 x 10-8 sec or 1 x 10-6 cm 

An area or pressure table of values will be input 
Area or pressure will be specified by a polynomial equation (eq. (77)) 
LSUBM and ETA will be input for special area equation (eq. (97)) 

D, Vise, BETA, and ETA will be input for special area equation 
(eq. (97)) 

Zero-velocity case— no assigned pressure 
Distance versus area profile is given 
Distance versus pressure profile is given 
Time versus area profile is given 
Time versus pressure profile is given 


underscore. 


Name 

Value 

ALLM1 

TRUE 


FALSE 

COMBUS 

TRUE 

FALSE 

CONC 

TRUE 


FALSE 

DBUGO 

TRUE 

FALSE 

EMAX 


EXCHR 

TRUE 

FALSE 

HINT 


ITPSZ 

1 


IPRCOD 


2 

3 

4 

5 

1 

2 

3 

4 


PCON TRUE Pressure is assigned and temperature is held constant for a batch 

reaction 

FALSE Temperature is changing in an assigned-pressure batch reaction 
RHOCON TRUE Hold volume (density) constant 

FALSE Do not hold volume (density) constant 
SHOCK TRUE Perform frozen and equilibrium shock calculations 

FALSE Do not perform shock calculations 
TCON TRUE Hold temperature constant 

FALSE Do not hold temperature constant 

ATB Array for area or pressure half of assigned-variable table; must be in 

user’s chosen input units 

NTB Total number of stations in input area or pressure table; must be less 

than or equal to 40 

XTB Array for time or distance half of assigned-variable table; must be in 

user’s chosen input units 

CX3 Coefficient of q 3 in pressure/area equation (eq. (77)) 

CX2 Coefficient of q 2 in equation (77) 

CXI Coefficient of q in equation (77) 

CXO Constant term in equation (77) 

LSUBM Characteristic shock-tube reaction length for special area equation (eq. 

(97))— must be given in centimeters 

ETA Dimensionless exponent in special area equation (eq. (97)) for boundary 

layer correction 

D Hydraulic diameter of shock tube, cm 

VISC Viscosity coefficient, g/(cm-sec) 

BETA Dimensionless boundary layer parameter; last three variables used to 

have code compute LSUBM, if desired. Set ITPSZ = 4 
PST AT FALSE Printout requested every n integration steps 

TRUE A list of print stations is given 

END Final print station in user’s chosen input units; must be a time if time is 

the integration variable and conversely for distance; only used if 
output is made every n steps 

IPRINT Number of steps, n, between printouts if PST AT = FALSE. Default 

value is 5 

PRINT Array of values of the variable of integration at which output is desired; 

must be in user’s chosen input units. Number of values equals 
NPRNTS 

APRINT Array of areas or pressures at which output is desired; may only be used 

if table of assigned pressures or areas is given and must be in user’s 
chosen input units. Number of values equals NPRNTS 

NPRNTS Total number of input print stations; must be less than or equal to 50 

HTRAN TRUE Heat transfer between reacting system and environment will be 

considered 

FALSE Reaction is adiabatic. 

QMREAD TRUE Heat transfer rate Q will be specified by the quadratic expression 


(eq. (25)) 

FALSE Code will use viscosity and thermal conductivity data and appropriate 


engineering correlation equations to compute Q. The viscosity and 
thermal conductivity data must be available in a separate dataset 

HT2 Coefficient of 77 in equation (25) 

HT1 Coefficient of Tin equation (25) 

HTO Constant term in equation (25) 

TWALL Wall temperature for heat transfer computation. See equations (26) to 

(32). Used only when QMREAD = FALSE 


TOTMAS 


Total mass of reacting gas for a batch reaction. Used only when 
both HTRAN and QMREAD are TRUE 

OTTO TRUE Correlations of reference 2 for the internal combustion engine are used 

to compute heat transfer coefficient and Q for batch reaction with 
cylindrical geometry. QMREAD must be set equal to FALSE 
FALSE Correlations of reference 2 not used for heat transfer computation 
STROKE Length of piston stroke, cm. Used for heat transfer coefficient 

computation when OTTO = TRUE 

BORE Diameter of piston, cm. Used for heat transfer coefficient computation 

when OTTO = TRUE 

FREQ Engine speed, rpm. Used for heat transfer coefficient computation 

when OTTO = TRUE 

ROCKET TRUE Rocket performance will be computed and results printed for each print 

station 

FALSE Rocket performance will not be computed 
PC Chamber pressure, psia, for rocket performance computation. Used 

only when ROCKET = TRUE 

ATHROT Rocket nozzle throat area, in*. Used only when ROCKET = TRUE 

WELSTR TRUE A well-stirred-reactor problem is to be done 
FALSE A numerical integration problem is to be done 
WSFLOW TRUE A numerical integration reacting flow problem will be done after a well- 

stirred-reactor problem, using the final WSR results for p, T, and the 
a,-’s as input 

FALSE No integration problem will be done after a WSR problem 

DELMD Desired mass flow rate increment for WSR problem using assigned mass 

flow rate. Used only if TASS = FALSE 

DELT Desired temperature decrement (absolute value) for WSR problem using 

assigned temperature. Used only if TASS = TRUE 
TASS TRUE Temperature assigned for a WSR problem 

FALSE Mass flow rate assigned for a WSR problem 

DOTMAX Maximum mass flow rate desired for a WSR problem. Computation 

ends when this value is exceeded. 

MPR Control variable for WSR problem printout. Default value is 1 for 

printout after every convergence. If set equal to integer n, printout 
occurs only every n' h convergence (value of assigned m or 7) 

RICH TRUE Special control of iteration in a WSR problem will be used for rich 

hydrocarbon combustion mixtures to improve convergence 
FALSE Standard iteration control will be used in a WSR problem 
RITE TRUE Extra debug output will be printed out for a well-stirred-reactor 

problem 

FALSE No extra debug output will be printed 

(6) Optional viscosity and thermal conductivity data— If HTRAN is TRUE and QMREAD is 
FALSE in NAMELIST PROB, a special dataset containing viscosity and thermal conductivity 
coefficients for 20 species mvst be available for reading in just after PROB. This dataset is provided 
with the GCKP84 code. The data are read in by subroutine HETRAN and used later to compute the 
mixture heat transfer coefficient. 

(7) Third-body efficiencies— To read in collisional efficiencies m Vj different from 1 for third-body 
reactions, the variable A LLM1 is set equal to FALSE. Otherwise no data of this type will be present. 
Only efficiencies differei t from I must be read in. The efficiencies are listed, up to two per line, in the 
following format, which is different from that in the original GCKP. 

Columns Content Explanation 

1 -48 Third-body These columns must be identical to columns 1 to 48 of the reaction line 
reaction for the particular reaction 


49-56 

57 

58-63 

64-65 

66-73 

74 

75-80 


Species name; Third-body species name; must be left adjusted 
format 2A4 

Not read 

Efficiency; Efficiency value for species in columns 49 to 56 
format F6.3 

Not read 

Species name; Third-body species name 
format 2A4 


Not read 

Efficiency; Efficiency value for species in columns 66 to 73 
format F6.3 


The efficiency data lines may be in any order and the third-body species may be listed in any order 

one or two per line. The end of the third-body list is indicated by : blank line following the last set of 
efficiencies . J 

(8) Initial conditions— The initial conditions are input through a NAMELIST called START. This 
NAMELIST contains the names of all the species in the master species list as variable names. 

erefore initial concentrations are input by “species name = initial concentration.” For example, 
one of the NAMELIST lines could look like 
COL 2 
1 


& START H2 = 0.5, 02 = 0.375, H = 0.015, OH =0.015, H20 = 0.095, 

All species concentrations are initialized to zero so oniy those concentrations that arc initiall y 
nonzero actually need to be read in. The names of the other variables in START along with standard 
options are given next. All parameters except pressure must be in the user’s chosen input units. Note 
that only one of the names P. RHO, MDOT, and AREA is used for any case. For the possible choices 
see the section Starting conditions under Input in the section General Description of Program Use. 


Name 

Value 

Explanation 

AIRMW 

— 

Molecular weight of oxidant. Needed only if FLAIR is specified. 
Default value is 28.9644 for "standard air” (table I) 

AREA 


Initial area for flow reaction or initial volume for a well-stirred-reactor 
problem 

ARAT 


Ar/0 2 mole ratio in oxidant for special combustion input. Default value 
is 0.044487 for “standard air” (table I) 

CRAT 


CO 2 /O 2 ratio in oxidant for special combustion input. Default value is 
0.001432 for “standard air” (table I) 

ERATIO 


Equivalence ratio of initial combustible mixture. Used when individual 
mole or mass fractions are not specified 

FLAIR 


Initial fuel-oxidant mass ratio of combustible mixture. May be specified 
instead of ERATIO when individual species concentrations are not 
given 

FR02 


Mole (or volume) fraction of molecular oxygen in the oxidant. Needed 
only if FLAIR or ERATIO is specified. Default value is 0.2095 for 
“standard air” (table I) 

FUEL 


Name of fuel species when special combustion input is used. The name 
must be spelled exactly as in the master species list and is enclosed in 
single quotes: e.g., FUEL = ‘CH30H’ 

MACH 

— 

Mach number 

MDOT 


Mass flow rate 

MFUEL 


Molecular weight of fuel. Must be listed only when FLAIR is specified 

MMHG 

TRUE 

FALSE 

Input pressure has units of millimeters of mercury 
Input pressure is given in the user's chosen input units 

MOLEF 

TRUE 

FALSE 

Species concentrations will be input as mole fractions 
Species concentrations will be input as mass fractions 


noxrat 



p 

RHO 

SCC 

SCH 

SCOX 

T 

TIME 

V 

X 


N 2 /0 2 mole ratio in oxidant for special combustion input. Default value 
is 3.72735 for “standard air” (table I) 

Pressure 

Density 

Stoichiometric coefficient of carbon in fuel. Used only when 
equivalence ratio or mass fuel-air ratio is specified for a combustion 
Stoichiometric coefficient of hydrogen in fuel 
Stoichiometric coefficient of oxygen in fuel 
Temperature 
Time, sec 
Velocity 
Axial position 


(9) Final line Each case must end with a line containing the word FINIS in columns I to 5. 

Multiple cases.— At the end of each case the code tries to read data for another case. Hence several 
cases can be computed during one computer run. As mentioned earlier, the code was designed to 
eliminate the necessity of repeating data that do not change from case to case. This objective was 
accomplished by adding one switch, called the ACTION switch, to the input list for the second and 
all following cases of a computer run. By using the ACTION switch the user can tell the code to 
retain much of the data from the previous case for use by the present case. This means that only those 
data that change between the present case and the previous case must actually be input. The input 
lines for each case after the first must correspond to the following specifications. Notice particularly 
that each case after the first case of a computer run must contain an ACTION line. Each number 
corresponds to a line or group of lines. 

(1) Title The first line of each subsequent case must be the title line. The format is the same as 
before. 

(2) ACTION switch The value of the ACTION switch is put in columns 1 to 6. The possible 
values are any one of the words NEW, REPEAT, CHANGE, or ADD. 

!f the word NEW is input, the code will completely reinitialize. The remainder of the case data 
must be exactly like the case data for a first case. The user has told the program not to retain any of 
the data from the previous case. 

The REPEAT option tells the code to use the reactions, rate constants, and inert species that are 
stored at the time the switch is read. The REPEAT option may either follow the title line or a 

CHANGE action. In the former case, all reaction and inert species data from the previous case are 
used, unchanged. 

The CHANGE option allows the user to change rate-constant parameters for any of the reactions 
used in the previous case. A set of reaction lines, in any order, must follow the word CHANGE. Each 
reaction must be written the same as it was in the previous case. Only the rate-constant parameters 
are changed. The end of me change list is indicated by a blank line after the last changed reaction. If a 
REPEAT switch follows the CHANGE action, all unchanged rate constants and the newly changed 
ones are used in the new case. 

The ADD switch tells the code to save the reaction and species data it has and to prepare to read in 
more reactions and, possibly, new reacting species as well. A set of new reaction lines follows the 
ADD switch. Again the end of the new list is signaled by a blank line. The word ADD may either 
directly follow the new title line or may be used after a CHANGE list. Note that no other ACTION 
switch ever follows REPEAT or ADD, but either one of these last two switches must follow a 
CHANGE action. 

The use of the ACTION switch has two limitations. First, and most important, no new reacting 
species may be introduced by the ADD option if any inert species has been used in the previous case. 
Inert species must always be at the end of the species list for any case. Second, no new inert species 
may ever be introduced in a case after the first one. 

(3) Version and units— The information on this line must be reset for every case. It is prepared just 
as for the first case. 

(4) Controls— Only those data that are to be changed must be listed in NAMELIST PROB. If 
nothing is to be changed, a dummy line simply indicating the beginning and end of PROB must be 
inserted. 
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(5) Third-body efficiencies — If ALLM1 was FALSE in the previous case, any desired changes in 
third-body efficiencies may be made here by putting in the same type of line as for the first case, 
listing the new efficiencies. A blank line must be inserted either to end the list of new efficiencies or to 
indicate that no changes are being made in the previous list. If ALLMI was TRUE in the previous 
case and is still kept TRUE for the present case, no additional data lines appear between NAMELIST 
PROB and START. 

(6) All the data in NAMELIST START must be listed in the usual way since they are always 
initialized to zero or their default value before each case. 

(7) Final line— The usual line with FINIS in columns 1 to 5 ends every case. 


Error Messages 

Most error messages contain two pieces of information: The first is the name of the subroutine that 
generated the message. The second is a statement of the error condition and, whenever possible, a list 
of the current value of pertinent parameters. Following is a list of several error messages that the 
program can generate and a brief explanation of each message. 


Subroutine 

(GCKP) 

(GCKP) 

(KINP) 

(KINP) 

(KINP) 

(KINP) 

(SHOCKS) 

(SHOCKS) 

(EQLBRM) 

(EQLBRM) 

(EQLBRM) 

(EQLBRM) 

(OUT2) 

(DIFFUN) 

(THRM) 

(THRM) 


Message 

END OF THIS CASE-READ DATA 
FOR NEXT CASE 

A FATAL ERROR HAS OCCURRED— 
CASE TERMINATED 

THE INPUT REACTION LIST DOES 
NOT CONTAIN THE REACTION 
S| + S2 = S3 + S4 

THE MASTER SPECIES LIST DOES 
NOT CONTAIN THE SPECIES 

THE INPUT SPECIES LIST DOES NOT 
CONTAIN THE SPECIES 

INVALID INPUT COMPOSITION 
SUM = x.xxxx 

FROZEN SHOCK CALCULATION 
FAILED 

EQUILIBRIUM SHOCK 
CALCULATION FAILED 

DERIVATIVE MATRIX SINGULAR 

SINGULAR MATRIX 

RESTART 

xx ITERATIONS DID NOT SATISFY 
CONVERGENCE REQUIREMENT::; 

INVALID COMPOSITION 

WARNING MACH NUMBER = x.xxxx 
IS APPROACHING 1.0 

ERROR T = xxxx.xx IS OUT OF RANGE 

WARNING T = xxxx.xx IS OUT OF 
RANGE EXTRAPOLATED VALUES 
RETURNED 


Explanation 

Normal end of case reached 

Case ended due to unrecoverable error 
condition 

Error in entering third-body efficiencies 
or in changing a reaction rate by using 
the ACTION switch 
The given species is not in the master 
species list ALSP in the BLOCK 
DATA 

Error in entering third-body species 

Input mole or mass fractions do not sum 
to 1.0 

Iteration of frozen shock equations 
failed to converge 

Failed convergence of equilibrium shock 
equations 

Singular derivative matrix encountered 
in equilibrium calculation 
Singular matrix encountered in 
equilibrium calculation 
Equilibrium calculation restarted 
It eration of equilibrium equations failed 
to converge 

Mass fraction sum not equal to 1.0 
0.94 < OR < 1.05; numerical problems 
occur if Mach number gets close to 1 .0 
for assigned-area computations 
Temperature (K) is above range of 
thermodynamic data 
Temperature (K) is below range of the 
thermodynamic data 


The numerical integration subroutines DRIVE and CPINT also contain several error messages 
pointing out both recoverable and fatal errors. Most are self-explanatory and some that are not are 
described in appendix E, where some causes of trouble are discussed along with possible ways of 
overcoming the problem r.. 


Appendix E 

Discussion of Computational Problems 


In this appendix we attempt to give the user the benefit 
of our experience in overcoming certain problems that 
are often encountered in some integration and well- 
stirred-reactor cases. It is not meant to be a com- 
prehensive discussion, but we hope it will aid the new user 
in using the code successfully. 

Numerical Integration Computations 

Quite often problems can occur at the very beginning 
of an integration during the period when there may be 
some very large concentration gradients. This is 
especially true during a combustion ignition. Only fuel 
and oxidant are present as various free radical species 
begin to be formed and subsequently destroyed rather 
rapidly. The integration routine will have difficulty in 
satisfying the error criteria and also in the convergence of 
its predictor-corrector technique. In addition, negative 
concentrations of some trace species may be encountered. 
Error messages are printed out for these situations that 
show how the step size is being reduced to cope with the 
problem. Often the problem will correct itself, but 
sometimes the computation will be aborted with the 
message “PROBLEM APPEARS UNSOLVABLE.” We 
have found that one way to alleviate this situation is to 
put in very small (about 10- '0 to 10 -* mole fraction) 
concentrations of one or two of the species that are 
showing negative concentrations (e.g., test case 10). The 
reader will notice that this has been done in several test 
cases to suppress many error messages and make the 
computation smoother. 

A problem with small step size may also occur at the 
end of a combustion problem, when near equilibrium has 
been achieved. The integration method becomes very 
inefficient for these conditions and H is drastically 
reduced. If the computation is not terminated, the 
following message will be given for some value of the 
integration variable T: WARNING...T + H=T ON 
NEXT STEP. Computer time will be wasted if these 
computations are not terminated when near equilibrium 
is achieved. 

Finally the integration control routine, DRIVE, prints 
out several messages starting with ILLEGAL INPUT... 


One of these continues (TO-TOUT)’H.GE.O. This 
means that the initial value of the integration variable is 
beyond the first print station value asked for in a print list 
in NAMELIST PROB. In our experience this usually 
means that the variable PST AT was not set to TRUE to 
tell the code to expect a print list. 

Well-Stirred-Reactor Computations 

The well-stirred reactor subroutine, WSR, allows 75 
iterations in an attempt to converge to a solution for any 
set of assigned conditions. Convergence is always hardest 
for the first assigned mass flow or temperature. If 
convergence is not achieved, a message to this effect is 
printed out, and then the current values of many 
variables are printed out before the computation is 
aborted. The greatest convergence success has been 
achieved for all problems by using an initial mass flow 
rate (MOOT in NAMELIST START) of 25 to 100 g/sec. 
Often this initial value will have to be varied to find the 
one that works properly. Too small values of MDOT as 
well as too large values will be unsuccessful. 

The chemical system that we have found most difficult 
to compute with is a very rich propane-air mixture. We 
really do not have a completely accurate chemical 
mechanism for the oxidation process. Also, solid carbon 
is formed in the combustion of these mixtures. A typical 
characteristic of the iterations for such a problem is a 
positive temperature gradient at first instead of a negative 
The computation can converge at a temperature 
higher than the first estimate (the equilibrium combus- 
tion temperature). However, this is a false convergence 
and MDOT must be changed to obtain convergence to a 
temperature less than the first estimate. For very rich 
hydrocarbon mixtures a slightly modified iteration con- 
trol sometimes improves convergence. This option may 
be used by setting the variable RICH equal to TRUE in 
NAMELIST PROB. In summary, it is clear that a certain 
amount of experimenting may be necessary to obtain 
good convergence for some chemical systems, especially 
rich hydrocarbon oxidations. 
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Appendix F 

Test Case Data and Results 


In this appendix we list data for 12 test cases that 
illustrate the variety of problems which GCKP84 handles 
and many of the code options previously described. The 
data are set up as a single computer run to illustrate the 
various uses of the ACTION switch options for multiple 
cases The test cases are described first, and then the 
complete dataset for executing them is listed. Finally, 
selected output results of the execution of this dataset are 
given. 

Description of Test Cases 

Case 1.— Test case 1 is the dissociation of Br 2 in a 
shock tube. It shows the use of the shock kinetics option 
and the Mirels boundary layer equation (eq. (97)). 
Running time is 0.74 sec of CPU time. 

Case 2 .— Test case 2 is a hydrogen-air ignition in 
supersonic flow with heat transfer computed as a linear 
function of temperature. A constant-area profile is used. 
Only two reactions involving H 2 0 2 are used in the 
abbreviated chemical mechanism. Starting composition is 
specified by giving the equivalence ratio. Running time 
will be given for cases 2 and 3, which must be run 
together. 

Case 3 .— Test case 3 is the same problem as case 2 and 
illustrates the use of the CHANGE and ADD options Tor 
the ACTION switch. The rate constant of the reaction 
2H0 2 — H 2 0 2 + 0 2 is changed, and reactions of O, OH, 
and H with H 2 0 2 are added. In addition, input is given in 
U S. customary units for temperature, pressure, area, 
and print stations. Note that Q is given in calories per 
second, no matter what other input units are specified. 
Initial composition is specified by giving the mass fuel- 
oxidant ratio. Running time for cases 2 and 3 together is 
4.3 sec. 

Case 4 . — Test case 4 is a hydrogen-oxygen ignition in 
subsonic flow with cgs input and U.S. customary output. 
Pressure is held constant and initial Mach number, 
temperature, and area are given in START. This case 
illustrates composition input for combustion problems 
using a nonstandard air oxidant, namely pure oxygen. 
The fraction of 0 2 in the oxidant is 1, and the oxidant 
molecular weight is that of 0 2 . Running time is 2.7 sec. 

Case 5.— Test case 5 is a batch methane-air ignition in 
a rich mixture with an assigned-pressure profile. The 
mechanism contains several reactions of the CH radical 
that are only needed for a rich mixture. Heat transfer is 
computed by using the Otto-cycle option. Only 


temperature and composition have to be given in 
NAMELIST START. Running time is 16.8 sec. 

Case 6. Test case 6 is a lean methane-air ignition 
problem in supersonic flow at constant pressure. All CH 
reactions have been removed from the mechanism since 
this radical has a quite negligible concentration except in 
rich mixtures. Running time will be given for cases 6 and 
7, which must be run together. 

Case 7. Test case 7 is the same as case 6 and shows the 
use of the REPEAT option. However, we now assign the 
point-by-point area profile generated by case 6 to see if 
we compute the constant pressure and other results of 
case 6. Results were quite sensitive to the choice of 
EMAX and somewhat less dependent on the selection of 
x values for the area profile. After several trials good 
agreement was obtained, as is shown by the results given 
in the next section. Running time is 12.6 sec for cases 6 
and 7. 

Test case 8 is a constant-volume batch 
ignition of a methanol-air mixture and illustrates the use 
of equivalence ratio input for a fuel containing oxygen. 
Running time is 16.5 sec. 

Case 9. Test case 9 is a well-stirred-reactor problem 
with assigned mass flow rate, followed by a supersonic 
flow reaction. The chemical reactions illustrate a fairly 
complete rich propane-air ignition and combustion 
mechanism. (See refs. 18 to 26 for sources of rate- 
constant data.) This case illustrates the use of the option 
to compute rocket performance parameters. Running 
time is 20.9 sec. 

9**. ^ est case 10 is a high-temperature air 
ionization reaction in constant-area flow. It illustrates the 
use of ionic species and also of the DEBUG output 
option. Notice that a small initial concentration of 02 - 
is listed in NAMELIST START by using its variable 
name from subroutine INIT, namely 02M. Running time 
is 2. 1 sec. 

Case 11. Test case 1 1 is a batch, constant-volume, 
high-temperature reaction of 1 percent CO in gaseous 
hydrogen. It illustrates the ability of the numerical 
integration routine to compute the results for very long 
reaction times very efficiently when the reaction is very 
slow. Running time is 6.6 sec. 

Case 12. Test case 12 is a photolytic ignition of 
hydrogen and oxygen in a constant-volume batch system 
at low initial temperature. It illustrates the use of 
photochemical reactions. Running time is 4.1 sec. 


Listing of Test Case Dataset 
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4 

02 


H02 

+ 

n 

1 . 5E+15 

0 . 

-1000 . 

0 

4 

0 

= 

02 

4 

n 

5.7E+13 

0. 

-1788. 

H 

4 

H 

3 

H2 

4 

M 

8 . 3E+ 1 7 

-1. 

0 . 

H 

4 

OH 

“ 

H20 

4 

n 

8.4E+21 

-2. 

0 . 

H2 

4 

H02 

3 

H20 

4 

OH 

7.2E+11 

0. 

18700 . 

n 

4 

H202 

= 2 

OH 



1.3E+17 

0. 

455 0 0 . 

H2 

4 

02 

= 2 

OH 



1.00E+13 

0 . 

43000. 

H 

4 

H02 

IT 

OH 

4 

OH 

2 . 5E+ 1 ^ 

0. 

1900 . 

0 

4 

H02 

Z 

OH 

4 

02 

5.0E+13 

0. 

1000 . 

OH 

4 

H02 

z 

H20 

4 

02 

5. OE+13 

0. 

1000 . 


2 

H02 

z 

H202 

4 

02 

1.80E412 

0. 

0. 

OH 

4 

H202 

z 

H20 

4 

H02 

l.OE+13 

0. 

1800 . 

0 

4 

H202 

z 

OH 

4 

H02 

8. OE+13 

0. 

1000 . 

H 

4 

H202 

- 

H20 

4 

OH 

3 . 2E+1^ 

0. 

9000 . 


DISTANCE 

PRESSURE 

FPS 





4PROB HINT =l.E-6, 

ITPSZ=2, CXO = 5., CX1= 

.01, 

ALLM1 = F, 



PRINT = 

6 , 2 0 , 22.81 

, 22.83, 22.89, 22.895, 

NPRNTS 

= 6, 



EMAX-1 

.E-6, MF= 21 

, PSTAT = T, 





HTRAN 

= T, QMREAD 

= T, HT1 =5 . 86 3 , HTO=-92 

.88 

4END 



H 

+ 02 

= H02 + M 

H2 

5.0 

02 

2. 

H 

+ 02 

= H02 + n 

H20 

32.5 


H 

H 

= H2 + M 

02 

2.0 

H2 

5.0 

H 

H 

= H2 + M 

H20 

15.0 



n 

+ H202 

= 2 OH 

02 

0.78 

H20 

6.0 

M 

+ H202 

= 2 OH 

H202 

6.6 

H2 

2.3 

H 

+ OH 

= H20 + M 

H2 

4.0 



H 

+ OH 

= H20 + M 

H20 

20.0 

02 

1.6 


tSTART 

T 

=1075., MACH=0 

.5, FUEL 


f H2 f , 




AIRMW 

= 31 

.994, FR02 = 

1, AREA 

3 

2000 , 




ERATIO 

= 1, 

SCC= 0, SCH= 2 

, SCOX= 0 

, 

NOXRAT 

=0, ARAT= 0, CRAT 

=0 8 END 


FINIS 









GCKP84 

NEW 

CH4 

- AIR RICH MECH. BATCH 

RXN WITH 

OTTO CYCLE HEAT 

LOSS - 

CASE 5 



CH4 = 

CH3 

4 

H 

2.0E+15 

0. 

104000 

H 

4 

CH4 = 

CH3 

4 

H2 

1.26E+14 

0. 

11900. 

0 

4 

CH4 = 

CH3 

4 

OH 

2. OE+13 

0. 

9200. 

OH 

4 

CH4 = 

CH3 

4 

H20 

3. OE+13 

0. 

6000 . 

CH 

4 

02 = 

HCO 

4 

0 

l.OE+13 

0. 

0 . 

CH2 

4 

02 = 

CH20 

4 

0 

1.0E+14 

0. 

3700 . 

CH3 

4 

02 = 

CH20 

4 

OH 

1.7E+12 

0. 

14000 . 

CH3 

+ 

0 = 

CH20 

4 

H 

6.8E+13 

0. 

0 . 

CH20 

4 

H = 

HCO 

+ 

H2 

2.E+13 

0. 

3300 . 

CH20 

4 

0 = 

HCO 

4 

OH 

5.E + 13 

0 . 

4570. 

CH20 

4 

OH = 

HCO 

4 

H20 

5.E+15 

0. 

13000 . 

M 

4 

CH20 = 

HCO 

4 

H 

5. OE+16 

0. 

72000 . 

0 

4 

HCO = 

H 

4 

C02 

5. 3E+13 

0. 

0 . 

HCO 

4 

0 = 

CO 

4 

OH 

3. E+13 

0. 

0 . 

HCO 

4 

H = 

CO 

4 

H2 

2. E+13 

0 . 

0 . 

HCO 

4 

OH = 

CO 

4 

H20 

3. E+13 

0. 

0. 

ri 

4 

HCO = 

H 

4 

CO 

3.E+14 

0 . 

14700 . 

CO 

4 

OH = 

C02 

4 

H 

4 . OE+12 

0. 

8000. 

CO 

4 

0 = 

C02 

4 

n 

2.8E+13 

0. 

-4540. 


46 


ORIoiU>.L l* . ... „ 

OF POOR Q'j>.Li"c Y 


CO 

+ 

02 

z 

C02 

+ 

H 

+ 

02 

z 

OH 

+ 

0 

+ 

H2 

z 

OH 

+ 

H2 

+ 

OH 

z 

H20 

+ 

OH 

+ 

OH 

z 

0 

+ 

H 

♦ 

02 

z 

H02 

+ 

0 

+ 

0 

z 

02 

+ 

H 

+ 

H 

z 

H2 

+ 

H 

+ 

OH 

z 

H20 

+ 

0 

+ 

H 

z 

OH 

+ 

H 


CH3 

z 

H2 

+ 

0 

+ 

CH3 

z 

OH 

+ 

OH 

+ 

CH3 

z 

H20 

+ 

H02 

+ 

MO 

z 

N02 

+ 

0 

♦ 

N02 

z 

NO 

+ 

NO 

+ 

0 

z 

N02 

+ 

N02 

+ 

H 

z 

MO 

+ 

N 

+ 

02 

z 

NO 

+ 

0 

+ 

N2 

z 

MO 

+ 

N 

+ 

OH 

z 

NO 

+ 

CH 

+ 

N2 

z 

HCN 

+ 

CN 

+ 

H2 

z 

HCN 

+ 

0 


HCN 

z 

H 

+ 

OH 

+ 

HCN 

z 

HNCO 

+ 

CN 


0 

z 

CO 

+ 

CN 

+ 

OH 

z 

NCO 

+ 

CN 

♦ 

02 

z 

NCO 

+ 

CN 

+ 

C02 

z 

NCO 

+ 

0 

♦ 

NCO 

z 

NO 

+ 

N 

+ 

NCO 

z 

N2 

+ 

H 

♦ 

NCO 

z 

NH 

+ 

H2 

+ 

NCO 

z 

HNCO 

+ 

HNCO 

+ 

H 

z 

NH2 

+ 

NH 

+ 

OH 

z 

N 

+ 

CH 

+ 

C02 

z 

HCO 

+ 

CH 

+ 

NO 

z 

N 

+ 

CH 

+ 

NO 

z 

0 

+ 

H 

+ 

CH2 

z 

H2 

+ 

0 

+ 

CH2 

z 

OH 

+ 

OH 

+ 

CH2 

z 

H20 


H 

+ 

H02 

z 

OH 

+ 

H 

+ 

H02 

z 

0 

+ 

0 

♦ 

H02 

z 

OH 

+ 

OH 


H02 

z 

H20 

+ 

CH3 

♦ 

OH 

z 

CH20 

+ 

H2 

+ 

H02 

z 

H20 

+ 

HCO 

+ 

02 

z 

CO 

+ 


0 

1.2E+11 

0. 

35000 

0 

2.2E+14 

0 . 

16790 

H 

1 .8E+10 

1. 

890 . 

H 

5.2E+13 

0. 

650 0 . 

H20 

6.3E+12 

0 . 

1093. 

M 

1.5E+15 

0 . 

-1000 

M 

5.7E+13 

0. 

-1788 

M 

8.3E+17 

-1. 

0 . 

n 

8.4E+21 

-2. 

0. 

M 

6 . 2E+16 

-.6 

0 . 

CH2 

2.7E+U 

.67 

25700 

CH2 

1.9E+11 

.68 

25700 

CH2 

2.7E+11 

.67 

25700 

OH 

1.2E+13 

0 . 

2380. 

02 

l.OE+13 

0 . 

596. 

M 

5.62E+15 

0 . 

-1160 

OH 

2. 9E+14 

0 . 

795. 

0 

6.4E+9 

1. 

6250, 

N 

1.8E+14 

0 . 

76250 

H 

4.0E+13 

0 . 

0 . 

N 

1.5E+11 

0 . 

19000 

H 

6 . OE+l 3 

0 . 

5300 . 

NCO 

5.2E+12 

.68 

8100. 

H 

4.0E+11 

0 . 

2800 

N 

1.2E+13 

0 . 

0 . 

H 

2 . 5E+ 14 

0 . 

6000 . 

0 

3.2E+13 

0 . 

1000 . 

CO 

3.7E+12 

0 . 

0 . 

CO 

2.0E+13 

0 . 

0 . 

CO 

l.OE+13 

0 . 

0 . 

CO 

2.0E+13 

0 . 

0 . 

H 

1.0E+14 

0 . 

9000 . 

CO 

l.OE+14 

0 . 

8500 . 

H20 

5.0E+11 

.5 

1999. 

CO 

3.7E+12 

0 . 

0 . 

HCO 

l.OE+14 

0 . 

0 . 

HCN 

l.OE+13 

0 . 

0 . 

CH 

2.9E+11 

.7 

26000 

CH 

3.2E+11 

.5 

26000 

CH 

5 . Ob+11 

.5 

6000 . 

OH 

1.4E+14 

0 . 

1070 . 

H20 

l.OE+13 

0 . 

1000 . 

02 

1 .6E+13 

0 . 

1070 . 

02 

7.9E+12 

0 . 

0 . 

H2 

7.4E+12 

0 . 

0 . 

OH 

7.2E+U 

0 . 

18700 

H02 

3.0E+13 

0 . 

0 . 


TIME 
4PR0B 
PRINT 
AL LM1 = 
TWALL 
H 
H 
H 
H 
H 
H 
H 


PRESSURE 

HINT=1.E-10, £MAX = 5. E-5, 
= 5 . E-5 , 5.E-4, 5.5E-4 

F# HTRAN= T, QMREAD= F , 


1000, PSTAT 

= T 

+ 02 

= H02 

+ 02 

" H02 

+ 02 

= H02 

+ 02 

= H02 

+ OH 

= H20 

+ OH 

= H20 

+ OH 

= H20 


ITPSZ=2 , MF =21, CX0=2 , CX1=700, 

5.85E-4, NPRNT5=4 , IPRC0D= 4, 


+ 

+ 

+ 

+ 

+ 

+ 


*END 

M 

M 

M 

M 

M 

M 

M 


8.5, 

STROKE= 7, 

FREQ = 

2500, 

02 

2.0 

N2 

2.0 

H20 

32.5 

C02 

7.5 

CO 

H2 

2.0 

5.0 

CH4 

5.0 

02 

1.6 

H20 

20. 

N2 

1.6 

C02 

7.5 

CO 

1.6 




JSTART 

N 

FINI5 

GCKP84 

NEW 


CH4= 1725, 02= .1725, N2= .65492, T= 151( 

-l.E-5, CH = 3. E-5, CN = 1 . E-5, CH2 = l.E-5 l END 

METHANE - AIR LEAN MECH - NO CH REACTIONS 


CASE 6 


H 

+ 

CH4 

CH4 

0 

+ 

CH4 

OH 

+ 

CH4 

CH2 

+ 

02 

CH3 

♦ 

02 


CH3 

CH3 

CH3 

CH3 

CH20 

CH20 


+ 

+ 

+ 

+ 

+ 

+ 


H 

2.0E+15 

H2 

1.26E+14 

OH 

2.0E+13 

H20 

3.0E+13 

0 

l.OE+14 

OH 

1.7E+12 


0. 

104000 

0. 

11900. 

0. 

9200. 

0. 

6000. 

0. 

3700. 

0. 

14000. 
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r »F t-.. 


CH3 


0 

= 

CH20 

+ 

H 

- 

CH20 

+ 

0 

- 

CH20 

+ 

OH 

z 

M 

+ 

CH20 

r 

0 

+ 

HCO 

z 

HCO 

+ 

0 

- 

HCO 


H 

= 

HCO 

+ 

OH 


n 

+ 

HCO 

- 

CO 

+ 

OH 


CO 

+ 

0 

= 

CO 

+ 

02 

Z 

H 


02 

z 

0 

+ 

H2 

z 

H2 

+ 

OH 

r 

OH 

+ 

OH 

z 

H 


02 

z 

0 

+ 

0 

z 

H 

+ 

H 

z 

H 

+ 

OH 

z 

0 

+ 

H 

Z 

rl 

+ 

CH3 

z 

0 

+ 

CH3 

z 

OH 


CH3 

z 

H02 

+ 

NO 

Z 

0 

+ 

N02 

Z 

NO 

+ 

0 

= 

N02 


H 

Z 

N 

+ 

02 

z 

0 

+ 

N2 

z 

N 

+ 

OH 

z 

CN 

+ 

H2 

Z 

0 

+ 

HCN 

z 

OH 

+ 

HCN 

z 

CN 

+ 

0 

~ 

CN 

+ 

OH 

- 

CN 

+ 

02 

= 

CN 

+ 

C02 

z 

0 

+ 

NCO 

z 

N 

♦ 

NCO 

z 

H 


NCO 

z 

H2 


NCO 

z 

HNCO 

+ 

H 

= 

NH 

+ 

OH 

Z 

H 

+ 

H02 

z 

H 

+ 

H02 

z 

0 

+ 

H02 

z 

OH 

+ 

H02 

z 

CH3 

+ 

OH 

z 

H2 

+ 

H02 

r 

HCO 

+ 

02 

= 

DISTANCE 

PRESSURE 


&PROB 

ITPSZ= 

2, CX0=1. 

730 

PRINT 

= 10, 

25, 35, 

40, 

CQMDUS = T, 

ALLM1 = 

F, 

H 


02 

z 

H 

+ 

02 

z 

H 

+ 

02 

z 

H 

+ 

02 

z 

H 

+ 

OH 

z 

H 

+ 

OH 

z 

H 

+ 

OH 

= 

*START 

AREA = 

1000, MACH 

FINIS 

CN = 1 

• E-7, 02 

— 

GCKP84 

REPEAT 

distance 

CH4 

AREA 

- AIR WITH Al 

*PROB 

ITPSZ 

= 1 , IPRCOD 

=1, 


CH20 

HCO 

HCO 

HCO 

HCO 

H 

CO 

CO 

CO 

H 

C02 

C02 

C02 

OH 

OH 

H20 

0 

H02 

02 

H2 

H20 

OH 

H2 

OH 

H20 

N02 

HO 

N02 

NO 

NO 

NO 

NO 

HCN 

H 

HNCO 

CO 

NCO 

NCO 

NCO 

NO 

N2 

NH 

HNCO 

NH2 

N 

OH 

0 

OH 

H20 

CH20 

H20 

CO 


+ 

♦ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

* 

♦ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


H 

6.8E+13 

0. 

0 . 

H2 

2.E+13 

0. 

3300. 

OH 

5.E+13 

0. 

4570 . 

H20 

5.E+15 

0. 

13000. 

H 

5. OE+16 

0. 

72000. 

C02 

5.3E+13 

0. 

0 . 

OH 

3.E+13 

0. 

0 . 

H2 

2.E+13 

0. 

0 . 

H20 

3.E+13 

0. 

0 . 

CO 

3.E+14 

0. 

14700 . 

H 

4.0E+12 

0. 

8000 . 

M 

2.8E+13 

0. 

-4540. 

0 

1.2E+11 

0. 

35000. 

0 

2.2E+14 

0. 

16790. 

H 

1.8E+10 

1. 

8900. 

H 

5.2E+13 

0. 

6500. 

H20 

6.3E+12 

0. 

1093. 

M 

1.5E+15 

0. 

-1000 . 

fl 

5.7E+13 

0. 

-1788. 

M 

8.3E+17 

-1. 

0 . 

M 

8.AE+21 

-2. 

0 . 

PI 

6.2E+16 

-.6 

0 . 

CH2 

2.7E+11 

.67 

25700. 

CH2 

1.9E+11 

.68 

25700. 

CH2 

2.7E+11 

.67 

25700. 

OH 

1.2E+13 

0. 

2380 . 

02 

1.0E+13 

0. 

596 . 

M 

5.62E+15 

0. 

-1160 . 

OH 

2.9E+1A 

0. 

795. 

0 

6.AE+9 

1. 

6250. 

N 

1.8E+1A 

0. 

76250. 

H 

4. OE+13 

0. 

0 . 

H 

6. OE+13 

0. 

5300 . 

NCO 

5.2E+12 

.68 

8100 . 

H 

4.0E+11 

0. 

2800 . 

N 

1 .2E+13 

0. 

0 . 

H 

2.5E+14 

0. 

6000 . 

0 

3.2E+13 

0. 

1000 . 

CO 

3.7E+12 

0. 

0 . 

CO 

2.0E+13 

0. 

0 . 

CO 

1.0E+13 

0. 

0 . 

CO 

2. OE+13 

0. 

0 . 

H 

1.0E+14 

0. 

9000 . 

CO 

1.0E+1A 

0. 

8500 . 

H20 

5.0E+11 

.5 

1999. 

OH 

1 .4E+l<t 

0. 

1070 . 

H20 

1. 0E+13 

0. 

1000 . 

02 

1.6E+13 

0. 

1070 . 

02 

7.9E+12 

0. 

0 , 

H2 

7.4E+12 

0. 

0 . 

OH 

7.2E+11 

0. 

18700. 

H02 

3. OE+13 

0. 

0. 


HINT= l.E-6, 

42, NPRNTS 

EXCHR =T, IPRC0D=2 


EMAX=l.E-6, PSTAT=T, 
5, 


H02 

H02 

H02 

H02 

H20 

H20 

H20 


t END 


+ 

+ 

+ 

+ 

+ 

+ 


M 

M 

M 

M 

M 

M 

M 


T= 1645 , 


N2= .75116 


02 
H20 
CO 
H2 
02 
N2 
CO 

CH4 = . 0497 63 , 
4END 


2.0 

32.5 

2.0 

5.0 

1.6 

1.6 

1.6 


MF =21, 


N2 

C02 

CH4 

H20 

C02 


2.0 

7.5 

5.0 

20 . 

7.5 


CASE 7 


HINT= 5.E--5, MF= 21, 


48 


C0MBUS= , FALSE . , ALLM1=. FALSE . P^T&T - t 
A? T f: 0 42?*42 0 5; 1 |i: 20 *' 25 *' 30 *' i5 1 ^f| 7 = '|f;' 3 «-5.39.. 39.5, 40, 40.5, 41. 


S:°^ 


^?^ 3 ', 1361 - 17 ' 1^01-17. 1411.70, 

P FMAi"- 1 ?%^l’ i 35, - 0 ' <iZ ' NPRNTS = 5, 
EM AX - 1 . 2 < tE**6 icND 


188.72,1220.48, 


SSTART T= 
CH4 

FINIS 

GCKP84 

NEW 

M 

02 

OH 

0 

H 

H 

CH3 

H02 

M 

02 

H 

0 

OH 

CH 

CH2 

CH3 

CH3 

CH20 

CH20 

CH20 

HCO 

HCO 

HCO 

M 

CO 

CO 

CO 

H 

0 

H2 

OH 

H 

0 

H 

H 

H 

0 

OH 

H 

0 

OH 

H02 

0 

NO 

N02 

N 

0 

N 

CN 

0 

OH 

CN 

CN 

CN 

CN 

0 

N 

M 


1645, MACH =2, P= 1.730, CN= 1 F-7 
=0.049768, 02=0.199072, N2=0. 75116, '&END 

METHANOL - AIR 


COMBUSTION 


CASE 8 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

♦ 

♦ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4* 

+ 

+ 

* 

♦ 

+ 

+ 

+ 

+ 

+ 

+ 

♦ 

+ 

+ 

+ 


CH30H 

CH30H 

CH30H 

CH30H 

CH30H 

CH30H 

CH30H 

CH30H 

CH20H 

CH20H 

CH4 

CH4 

CH4 

CH4 

02 

02 

02 

0 

H 

0 

CH 

0 

H 

OH 

HCO 

OH 

0 

02 

02 

H2 

OH 

OH 

02 

0 

H 

OH 

CH3 

CH3 

CH3 

CH2 

CH2 

CH2 

NO 

N02 

0 

H 

02 

N2 

OH 

H2 

HCN 

HCN 

0 

OH 

02 

CC2 

NCO 

NCO 

NCO 


CH3 

CH20H 

CH20H 

CH20H 

CH20H 

CH3 

CH20H 

CH2QH 

CH20 

CH20 

CH3 

CH3 

CH3 

CH3 

HCO 

CH20 

CH20 

CH20 

HCO 

HCO 

HCO 

CO 

CO 

CO 

H 

C02 

C02 

C02 

OH 

OH 

H20 

0 

H02 

02 

H2 

H20 

H2 

OH 

H20 

H2 

OH 

H20 

N02 

NO 

N02 

NO 

NO 

NO 

NO 

HCN 

H 

HNCO 

CO 

NCO 

NCO 

NCO 

NO 

N2 

NH 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

♦ 

4- 

+ 

+ 

•f 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

♦ 

+ 

+ 

4- 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

♦ 

+ 

+ 

+ 

+ 

+ 

4* 

4- 

4- 

4* 

+ 

+ 

+ 

+ 

4- 


OH 

H02 

H20 

CH 

H2 

H20 

CH4 

H202 

H 

H02 

H 

H2 

OH 

H20 

0 

0 

CH 

H 

H2 

OH 

H20 

OH 

H2 

H20 

CO 

H 

M 

0 

0 

H 

H 

H20 

M 

M 

M 

M 

CH2 

CH2 

CH2 

CH 

CH 

CH 

Oh* 

02 

M 

OH 

0 

N 

H 

H 

NCO 

H 

N 

H 

0 

CO 

CO 

CO 

CO 


3.2E+18 
4.0E+13 
4.0E+12 
1.6E+12 
3.2E+13 
5.0E+12 
2.0E+11 
6.3E+12 
2.5E+13 
1 .OE+12 
2.0E + 15 
1.26E+14 
2.0E+13 
3.0E+13 
l.OE+13 
l.OE+14 
1.7E+12 
6.8E+13 

2. E+13 
5.E+13 
5.E+15 

3. E+13 

2. E+13 

3. E+13 
3.E+14 

4. OE+12 
2.8E+13 
1.2E + 11 
2.2E+14 
1 .8E+10 
5.2E+13 
6.3E+12 
1.5E+15 
5.7E+13 
8.3E+17 
8.4E+21 
2.7E + 11 
1.9E+11 
2.7E+11 
2.9E+11 
3.2E+11 
5.0E+11 
1.2E+13 
l.OE+13 
5.62E+15 
2.9E+14 
6.4E+9 
1.8E + 14 
4.0E+13 
6.0E+13 
5.2E+12 
4.0E+11 
1.2E+13 
2.5E+14 
3.2E+13 
3.7E+12 
2.0E+13 
l.OE+13 
2.0E+13 


0. 

80000. 

0 . 

50900. 

0. 

2000 . 

0. 

2300 . 

0. 

7000 . 

0. 

5300 . 

0. 

9800 . 

0. 

19400 . 

0 . 

29000 . 

0 . 

6 0 0 C . 

0. 

104000 

0. 

11900. 

0. 

9200 . 

0. 

6000 . 

0. 

0. 

0 . 

3700 . 

0 . 

14000 . 

0 . 

0. 

0 . 

3300. 

0 . 

4570 . 

0 . 

13000. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

14700. 

0. 

8000 . 

0. 

-4540. 

0. 

35000. 

0. 

16790. 

1. 

8900 . 

0. 

6500 . 

0. 

1093. 

0. 

-1000. 

0 . 

-1788. 

-1. 

0. 

-2. 

0. 

67 

25700. 

.68 

25700. 

.67 

25700. 

.7 

26000. 

.5 

26000 . 

.5 

6000 . 

0. 

2330 . 

0. 

596 . 

0. 

-1160. 

0. 

795. 

1. 

6250. 

0. 

76250. 

0. 

0. 

0. 

5300 . 

68 

8100 . 

0. 

2800. 

0. 

0. 

0. 

6000 . 

0. 

1000 . 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 





ORIGIN 

- *. ■ 








OF PC- 






H2 

+ 

NCO 

= HNCO 

♦ 

H 

1.0E+1A 

0. 

9000 . 

HNCO 

+ 

H 

= NH2 

+ 

CO 

1.0E+1A 

0. 

8500 . 

NH 

+ 

OH 

= N 

+ 

H20 

5.0E+11 

.5 

1999. 

H 

+ 

H02 

= OH 

+ 

OH 

1.AE+1A 

0. 

1070 . 

H 

+ 

H02 

= 0 

+ 

H20 

1.0E+13 

0. 

1000 . 

0 

+ 

H02 

= OH 

♦ 

02 

1.6E+13 

0. 

1070 . 

OH 

+ 

H02 

= H20 

+ 

02 

7.9E+12 

0. 

0 . 

CH3 

♦ 

OH 

= CH20 

+ 

H2 

7. AE+12 

0 . 

0. 

H2 

+ 

H02 

- H20 

+ 

OH 

7.2E+11 

0. 

18700. 

HCO 

+ 

02 

= CO 

+ 

H02 

3.0E+13 

0. 

0. 

OH 

+ 

H202 

= H20 

+ 

H02 

l.OE+13 

0. 

1800 . 

02 

+ 

H202 

= 2 H02 



A.OE+13 

0. 

A2600. 

H 

+ 

H202 

= H02 

+ 

H2 

1.6E+12 

0 . 

3800 . 

M 

+ 

H202 

= 2 OH 



1.3E+L7 

0. 

A5500 . 

tR 

IflE 









&PROB 

MF=21 

, PST AT= T 

, ALLM1 =F 

, RHOCON =T, EFIAX 

= 5. E-6, 



PRINT 

= 3 . E 

-A, 5.6E- 

A, 6.E-A, 

6 . 

2E-A, 





NPRNT5 = A , HINT = l.E-10 

tEND 





H 

+ 

02 

= H02 

+ 

fl 02 

2.0 

N2 

2.0 

H 

+ 

02 

= H02 

+ 

M H20 

32.5 

C02 

7.5 

H 

+ . 

02 

= H02 

+ 

M CO 

2.0 



H 

+ 

OH 

= H20 

+ 

n 02 

1.6 

H20 

20. 

H 

+ 

OH 

= H20 

+ 

ri N2 

1.6 

C02 

7.5 

H 

+ 

OH 

= H20 

+ 

fl CO 

1.6 



iSTART 

T = 

1300, MMHG 

=T, P= 760, 

ERATIO= 2.0, SCC=1, SCH= 

A, SCOX= 

1, 

CM = I 

. E-6 , 

CH=l.E-5, 

N= l.E-6, 

FUEL 

= 1 CH30H f 

&END 



FINIS 

C3H8 - AIR WELL-STIRRED REACTOR + ROCKET EXPANSION PROB. GCKP8A CASE 9 
HEW 




C3H8 

r 

C2H5 


CH3 

A.5E+16 

0. 

8A900 . 



C2H5 

z. 

C2HA 

+ 

H 

3.16E+13 

0. 

A 0 7 0 0 . 

0 

♦ 

C2HA 

- 

CH20 

♦ 

CH2 

2.5E+13 

0. 

5000 . 

0 

+ 

C2HA 

z 

CH3 

+ 

HCO 

2.26E+13 

0 . 

2700 . 

CH3 

+ 

C3H8 

z 

CHA 

+ 

C3H7 

2. OE+13 

0. 

10300 . 



C3H7 

z 

C2HA 

+ 

CH3 

A. OE+13 

0. 

33100 . 

H 

+ 

CHA 

z 

CH3 


H2 

1.26E+1A 

0 . 

11900 . 

0 

+ 

CHA 

= 

CH3 

+ 

OH 

2. OE+13 

0. 

9200 . 

OH 

+ 

CHA 

= 

CH3 


H20 

3. OE+13 

0. 

6 0 0 0 . 

CH 

+ 

02 

z 

HCO 

+ 

0 

1. OE+13 

0 . 

0 . 

CH2 

+ 

02 

= 

CH20 

+ 

0 

1 .0E+1A 

0. 

37 00 . 

CH3 


02 

z 

CH20 

+ 

OH 

1 .7E+12 

0 . 

1 A 0 0 0 

CH3 

+ 

0 

z 

CH20 

+ 

H 

6.8E+13 

0. 

0 . 

CH20 

+ 

H 

z 

HCO 

+ 

H2 

2. E+13 

0 . 

3300 . 

CH20 

+ 

0 

z 

HCO 

+ 

OH 

5.E+13 

0 . 

A57 0 . 

CH20 

+ 

OH 

z 

HCO 

+ 

H20 

5.Ev 15 

0 . 

13000. 

HCO 

+ 

0 

z 

CO 

+ 

OH 

3. E+13 

0. 

0 . 

HCO 

+ 

H 

z 

CO 

+ 

H2 

2. E+13 

0. 

0. 

HCO 

+ 

OH 

z 

CO 

+ 

H20 

3. E+13 

0. 

0. 

M 


HCO 

- 

H 

+ 

CO 

3.E+1A 

0. 

1A700. 

CO 

+ 

OH 

z 

C02 

+ 

H 

A.OE+12 

0. 

8000 . 

CO 

+ 

0 

z 

C02 

+ 

M 

2.8E+13 

0 . 

-A5A0. 

CO 

+ 

02 

- 

C02 

+ 

0 

1.2E+11 

0. 

35000. 

H 


02 


OH 

+ 

0 

2.2E+1A 

0 . 

16790 . 

0 

+ 

H2 

~ 

OH 

+ 

H 

1.8E+10 

1. 

8900 . 

H2 

+ 

OH 

= 

H20 

+ 

H 

5.2E+13 

0 . 

6500 . 

OH 

+ 

OH 

z 

0 

+ 

H20 

6.3E+12 

0. 

1093. 

H 

+ 

02 

z 

H02 

+ 

M 

1.5E+15 

0. 

-100 0 . 

0 

+ 

C 

z 

02 


fl 

5.7E+13 

0. 

-1788. 

H 

+ 

H 

z 

H2 

+ 

n 

8.3E+17 

-1. 

0. 

H 

+ 

OH 

z 

H20 

+ 

M 

8.AE+21 

-2. 

0. 

H 

+ 

CH3 

z 

H2 

+ 

CH2 

2.7E+11 

.67 

25700. 

0 

+ 

CH3 

z 

OH 

+ 

CH2 

1.9E+11 

.68 

25700 . 

OH 

+ 

CH3 

z 

H20 

+ 

CH2 

2.7E+11 

.67 

25700 . 

H02 

+ 

NO 

z 

N02 

+ 

OH 

1.2E+13 

0. 

2380. 

0 

+ 

N02 

z 

NO 

+ 

02 

1. OE+13 

0. 

596 . 

NO 

+ 

0 

= 

N02 

+ 

n 

5.62E+15 

0 . 

-1160. 

N02 

+ 

H 


NO 

+ 

OH 

2.9E+1A 

0 . 

795 . 

N 


02 

= 

NO 

+ 

0 

6 . AE+9 

1. 

6250 . 

0 

+ 

N2 

= 

NO 

+ 

N 

1.8E+1A 

0 . 

76250 . 

N 


OH 

z 

NO 

+ 

H 

A. OE+13 

0 . 

0 . 
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OF F'Ov- > 


HCN 

HCH 

OH 

HNCO 

CO 

NCO 

HNCO 

NH2 

NCO 

NCO 

NO 

N2 

NH 

N 

HCO 

H2 

H20 

C2H2 

CH2 

H2 

OH 

H20 

N 

0 

CH20 

H20 

CO 

C2H4 
C2H4 
C2H4 
C2H 
CO 
HCO 
2 HCO 
C2H 
C2H 
C2H4 


♦ 

N 

1.5E+11 

0. 

19000 

♦ 

H 

6.0E+13 

0. 

5300. 

♦ 

CN 

1.4E+11 

.68 

16900 

+ 

H 

4.0E+11 

0. 

2800 


H 

1.2E+13 

0. 

0. 

+ 

H 

2 . 5E+1 4 

0. 

6000 . 

♦ 

H 

1.0E+14 

0. 

9000 . 

♦ 

CO 

1.0E+14 

0. 

8500 . 

+ 

0 

3.2E+13 

0. 

1000 . 

+ 

CO 

3.7E+12 

0. 

0. 

+ 

CO 

2.0E+13 

0. 

0 . 

+ 

CO 

1 .OE+13 

0. 

0. 

+ 

CO 

2. OE+13 

0 . 

0 . 

+ 

H20 

5.0E+11 

0.5 

2000 . 

+ 

CO 

3.7E+12 

0. 

0 . 

+ 

C2H3 

1.1E+14 

0. 

8500 . 

+ 

C2H3 

1.0E+14 

0. 

3500 . 


+ H 
♦ OH 
+ H 


3.QE+16 
5.2E+13 
2.9E+11 
3.2E+11 
5.0E+11 
1 .OE+14 
1.0E+13 
7.4E+12 
7.2E+11 
3.0E+13 
1 -5E+12 
4.8E+13 
2 . 0 E+l 3 
6.0E+12 
1.4E+13 
1.0E+13 
4.0E+12 
1.0E+14 
3.2E+15 
6.8E+17 


AR 

DISTANCE AREA 

&PR03 WELSTR=T, TASS= F,DOTMAX= 160Q,DELMD= 800, CONC=F ,i1PR = l , AILM1=F, 
IT oo£j£; IPRC0D=1 ' CX0 = 15, CX1= 20, PRINT = .4, .7, 2, 3,4, NPRNT5=5 
ROCKET=T , WSFLOW=T, P5TAT=T , EMAX=l.E-4, HINT=l.E-5, "rKNi* > 

KTRAN =T, QMREAD=T , HT1= .05, HT0= -42.88 , 

PC = 300, ATHROT = 2.2 SEND 

H ! Ho = H02 + M 02 2.0 N2 

H +02 = H02 + M H20 32.5 C02 

» + 02 = H02 + H CO 2.0 

! + OH = H20 + M 02 1.6 H20 

H + OH = H20 + M N2 1.6 C02 

H + OH = H9H + M rn «. , 


N2 = 
FINIS 
GCKP84 
NEW 

N 

0 

N 

0 


+ M 

02 

2.0 

N2 

+ M 

H20 

32. 

5 C02 

+ M 

CO 

2.0 


+ M 

02 

1.6 

H20 

+ M 

N2 

1.6 

C02 

+ M 

CO 

1.6 


MDOT = 85, 

M01EF= F, C3H8 

=.0873262 

0117370, C02 

= 4. 

162E-4, X= 

.2 A END 

IONIZATION 


CASE 10 


+ O 


6.4E+09 

1. 

+ N 


1.8E+14 

0. 

+ M 


6.40E+16 

-0.5 

+ M 


5.7E+13 

0. 

+ fl 


2.80E+17 

-0.75 

+ M 


5.62E+15 

0. 


1 . 42E+14 
6.23E+13 
1.45E+21 
2.00E+26 
1.52E+21 
6.00E+12 


51 


nr 


DISTANCE AREA 

SPROB HINT = 3.E-9, MF = 21, ITPSZ= 2, CXO 
PST AT = T, DBUGO= T , EMAX= l.E-5, 

PRINT = .02, .06, .10, .50, .70, NPRNTS = 5 
N +0 = NO + fl 

NO +0 = N02 + M 

0+ + E =0 + fl 

0+ + E =0 + n 

02 + E = 02- + M 


1000., ALLM1 = F, 


4END 

N20 

N2 

N 

NO 

N2 


2.25 

1.55 

0.03 

50. 

.00002 


02 

0 


4.5 

0.03 


&ST ART 
FINIS 
GCKP84 
NEW 


P = 1 . 680 3 » V = 47 0 02 , T=482Q., N2=0.7905, 02 = 0.2095, 02M=l.E-9 t END 
HIGH PRESSURE H2 - CO REACTION CASE 11 


CH3 

+ 

OH 

= 

CH20 


H2 

7.4E+12 

0. 

0 . 



CH4 

z 

CH3 

+ 

H 

2.0E+15 

0. 

104000 . 

H 


CH4 

= 

CH3 

+ 

H2 

1.26E+14 

0. 

11900. 

n 

+ 

CH4 

= 

CH3 

+ 

OH 

2. OE+13 

O.Q 

9200 . 

OH 

+ 

CH4 

= 

CH3 

+ 

H20 

3.0E+13 

0. 

6000 . 

CH20 


H 


HCO 

+ 

H2 

2.E+13 

0. 

3300. 

CH20 

+ 

0 

= 

HCO 

+ 

OH 

2.0E+13 

0. 

0. 

CH20 

+ 

OH 

z 

HCO 


K20 

2.3E+13 

0. 

0. 

M 

+ 

CH20 

Z 

H 

+ 

HCO 

5.0E+16 

0. 

72000 . 

0 

+ 

HCO 

z 

H 

+ 

C02 

5.3E+13 

0. 

0. 

HCO 

+ 

0 

z 

CO 

+ 

OH 

1 . 26 E + 14 

0. 

0. 

HCO 

+ 

H 

z 

CO 

+ 

H2 

1 . 0E+14 

0. 

0. 

HCO 

+ 

OH 

- 

CO 

+ 

H20 

1.0E+14 

0. 

0. 

n 

+ 

HCO 

z 

H 

+ 

CO 

5.QE+14 

0. 

19000. 

CO 

+ 

OH 

z 

C02 

+ 

H 

4.0E+12 

0.0 

8000 

CO 


0 

= 

CU2 

+ 

M 

2.3E+13 

0. 

-4540. 

0 

+ 

H2 

z 

OH 

+ 

H 

l.SE+10 

1. 

8900 . 

H2 

+ 

OH 

z 

H2C 

+ 

H 

5.2E+13 

0. 

6500 . 

OH 

+ 

OH 

= 

0 

+ 

H20 

6.3E+12 

0. 

1093. 

H 

+ 

H 

z 

H2 

+ 

M 

8.3E+17 

-1. 

0. 

H 

+ 

OH 

= 

H20 

+ 

M 

8.4E+21 

-2. 

0. 


TIME 

SPROB 

1 , 

ALLM1 = 

H 

H 

H 

M 

& START T : 
CH20 = 
FINIS 

GCKPS4 

NEW 


ITPS2 = 5, EMAX = 5.E-6, PRINT = 

E + 6, l.E+8, l.E+9, NPRNTS = 6, 

: F, PSTAT = T, RHOCON = T, MF= 21, 

= H20 h 

= H2 
= H2 


+ 

+ 

+ 

+ 


OH 

H 

H 

HCO 


N 


M 

ri 

n 

CO 


1000, P= 100, 


1 . E-8 

HYDROGEN - 


SEND 


I# 100, l.E+4, 

HINT= 1 . E-15 , TC0N= T &END 


H 

+ 

02 

= 


OH 

+ 

0 

0 

+ 

H2 

= 


OH 

+ 

H 

H2 

+ 

OH 

z 


H20 

+ 

H 

CH 

+ 

OH 

z 


0 

+ 

H20 

H 

+ 

02 

= 


H02 

+ 

n 

0 

+ 

0 

z 


02 

+ 

M 

H 


H 

z 


H2 

+ 

M 

H 

+ 

OH 

z 


H20 

+ 

M 

H2 

♦ 

H02 

z 


H20 

+ 

OH 

M 

+ 

H202 

z 

2 

OH 



H2 

+ 

02 

z 

2 

OH 



H 

+ 

H02 

z 


OH 

+ 

OH 

0 

+ 

H02 

z 


OH 

+ 

02 

OH 

+ 

H02 

z 


H20 

+ 

02 



2 H02 

z 


H202 

+ 

02 

OH 

+ 

H202 

= 


H20 

+ 

H02 

0 

+ 

H202 

z 


OH 

+ 

HO 2 

H 

+ 

H202 

z 


H20 

+ 

OH 

HNU 

+ 

H2 

> 

2 

H 



HNU 


02 

> 

2 

0 




H2 4.0 



H2 1.7 

CO 

2.0 

H20 9.6 

CC2 

3.5 

H2 5.0 

CO 

2.0 

. . E-7 , OH = l.E- 

9, 


C IGNITION 

CASE 12 


2.2E+14 

0. 

16790 

1 .8E+10 

1. 

8900. 

5.2E+13 

0. 

6500 . 

6.3E+12 

0. 

1093. 

1.5E+15 

0. 

-1000 

5.7E+13 

0. 

-1788 

8.3E+17 

-1. 

0. 

8.4E+21 

-2. 

0. 

7.2E+11 

0. 

18700 

1.3E+17 

0. 

45500. 

1 . 0CE+13 

0. 

43000. 

2.5E+14 

0. 

1900. 

5. OE+13 

0. 

1000 . 

5. OE+13 

0. 

1000 . 

1 .8QE+12 

0. 

0. 

1. OE+13 

0. 

1800. 

8. OE+13 

0. 

1000 . 

3.2E+14 

0 . 

9000 . 

.003 

0 . 

0. 

.005 

0. 

0. 
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TIME 

irSOB HINT =5.E-7, ITPSZ=5. 
EMAX=5.E-7, MF= 21, END = 

H + 02 = Hf) 


ALLtll = 


SSTAP.T T= 700, 
FINIS 


END = 1.147479 
= H02 + 


H02 
H2 
H2 
2 OH 
2 OH 
H20 
H20 


.667, 02= 


RHOCON 

a END 


IPRINT=90, 


H2 

5.0 

02 

H20 

32.5 

02 

2.0 

H2 

H20 

15.0 

02 

0.78 

H20 

H202 

6.6 

H2 

H2 

4.0 

H20 

20.0 

02 


Selected Test Case Results 


”” DATA CARDS KH 

CC 123*5678 90 123*567810123*56 78 10123*567810123*56781012 3* 567810123*567890123*567810 


GCK l* S . ... ®*OniNC OISSCCI ATION IN A SMOCK TUBE 

n *8*2 : 2 »R 6.99EM1 0.50 

x£ - BLANK CARO - 

DISTANCE AREA 

‘ P J2?NT- n ^ Z = 5 ; L5U ! f1 ^ 220fl ** CTA = ' , - 5 °' 5HOCK= . TRUE . . 

"""" ‘ *• «. 
FINIS* 1 P=01227 ' nA CH=3.26*6,T=2»| L 9? ,C C BR2 = 0 . 0 1 . XE = 0 . 99 . *ENO 


CASE 1 
35500. 


BR2 

0. 10051207E-03 
0 .261118*0E-02 


BR 

0 . 719*9*65E-03 
0 . 33319253E-03 


0.00000000 

0.00000000 


BR2 

0 . *** 7 9*9*E 01 
0 . 38*6 9572E OJ 


BR 

0 . 208* 320 IE 01 
0 . 2*6 1 15*9E 01 


XE 

Q.25000000E 01 
0.25000000E 01 


PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DENSITY 

cgm/cm«* 3> 
TEMPERATURE 
<OcG K) 
entropy 
(CAL/CM/DEO K) 
MACH NUMBER 


'OMIC VELOCITY 
(CM/SEC) 


MIXTURE MOLECULAR WEIGHT 

D< LOG VOLUME )/D( LOG T) 

AT CONSTANT P 

DT LOG VOLUME)/'D( LOG P) 

AT CONSTANT T 


MJEKJnK 

!f 5} 


0.00000000 

0.00000000 


0.00000000 

0.00000000 


** EQUILIBRIUM SHOCK CALCULATION n» 


0.00000000 -0.7A537500E 03 0.61512737E 01 

0.00000000 -0.7*537*76E 03 0.61512737E 01 


INITIAL STATE 

0.1227 

57875.77 

4.56012E-0* 

290.10 

0.3*21 

3.26*6 

1.6586 

17728.21 


FINAL STATE 

1.6130 
18107.37 
2. 0970*E-03 
1231.11 
0.3576 
0.5171 
1.5730 
3501*. 21 


SPECIES 

BR2 

BR 

XE 


MOLE FRACTION 
8. 11951E-C3 
3 . 72* OOE-ff 3 
9 .8816 1E~Q1 


131.3*011 

1.0161 


FINAL/INITIAL ratio 

13.1*62 

0.3121 

3.1163 

*.1053 

1.0*51 

0.158* 

0 . 1 * 8 * 

1.1751 
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OF PC . 


PRESSURE 
t ATM) 

VELOCITY 
<C~/SEC) 
density 
<G-/ crt**3> 
TEMPERATURE 
U'fr, k ) 
entropy 

C CAL /CM/ DEC K) 
MACH NUMBER 

GATMA 

SONIC velocity 

(crvsEC > 


FROZEN SMOCK CALCULATION rh 


initial state 

0.1227 
57875 . 77 
6.56092E-06 
299.90 
0 - 3621 
5 . 24*6 
1.6586 
17728.29 


FINAL STATE 

1.6017 

18610.77 

2.06268E-03 

1265.51 

0.3575 

0.5098 

1.6577 

36115.83 


final/imitial ratio 

13.0535 

0.3181 

3.1636 

6.1526 

1.0669 

5.1562 

0.9996 

2.0372 


MIXTURE MOLECULAR WEIGHT 

D( L 03 VOLUfiC )/D( LOG T) 

AT CONSTANT P 

0( LOG VOLUME )/D( LOG P) 

AT CONSTANT T 


SPECIES 

BR2 

OR 

XE 


MOLE FRACTION 
1 - OOCQQE-02 
0 . 00000 
9.90000E-01 


131.58517 


1 .0000 


-1 .0000 


reaction 

NUMBER 

1 


PKBR2 


DISTANCE-AREA VERSION 
GCKP86 


n ♦ 1 . 0*BR2 


GENERAL CHEMICAL KINETICS PROGRAM 
BROMINE DISSOCIATION IN A SMOCK TUBE 
REACTION 

= 2 . 0*BR 


NASA LEWIS RESEARCH CENTER 
CASE 1 

reaction rate variables 

A N ACTIVATION 

*-»«•« 11 0.5004 35500°00 


ALL THIRO BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


1) = 3.80000 


INITIAL STEP SIZE O.IOOOOE-Q5 CM 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR 0.10000E-06 


■ » ASSIGNED VARIABLE PROFILE 


THE AREA IS CALCULATED FROM THE FOLLOWING FUNCTION 
l^AkEA = l - (X/ 32200. 000 )nn( 0.50000) 

"" INITIAL CONDITIONS ■ * 


time 0.00000 SEC 


**E» 1.00000E 00 3 « cn AXIAL POSITION 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DENSITY 

'Gn/CMH*3> 

temperature 

(DEG K) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL/ri/OEG K) 
macm number 

gamma 

ENTHALPY 

(CAL/GM) 


1.60166 
18610.77 
2 . 062‘*8E-Q3 
1265.31 
3.79718E 01 
0.3575 
0.5098 
1.6577 
3 . 66 06 0 E 01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OP steps 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 CM 


0 


0.00000 

0 


0 


0 
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CHEMICAL PROPERTIES 



SPECIES 

CONCENTRATION 
(MOL ES/CM** 3 ) 

MOLE FRACTION 

* 

BR2 

1 . 56761E-07 

1 .OOOOOE-02 

, 

BR 

0.00000 

0 . 00000 


XE 

1.55173E-OS 

9 . 900006-0 1 


MIXTURE 

MOLECULAR WEIGHT 

131.58522 


2.71011E-05 SEC 


NET SPECIES PRODUCTION REACTION RATE CONST 

RATE (MQLE/Cn**3/SEC) ’Cjr.GeR CCS UNITS 

-3.666ASE~0S 1 1.6519E #7 

7.33371E-05 
0.00000 


TOTAL ENERGY EXCHANGE RATE 
(CAL-CM**3/GM**2/SEC) 


XCH.*NCE RATE 3.97238E 03 
GM**2/SEC ) 

1.00396E 00 so cm 


NET REACTION CONV RATE NET RATE/POSI- 
(MOLE-CM**3/GM*«2/SEC) TIVE DIR RATE 
8.62015E OQ I. 00000 


MASS FRACTION SUM 


0.99999996 


AXIAL POSITION S.OOOOOE’Ol CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(GM/CM**3) 
TEMPERATURE 
(DEG K) 

MASS FLOU RATE 
( GM/SEC > 
ENTROPY 
CAL/GM/DEG K ) 
MACH NUMBER 


ENTHALPY 

CCAL/GM) 


1.60360 
U305. 13 
2.06667E-03 
1265.95 
3.79725E 01 
0.3573 
0.5066 
1.6577 
3.66533E 01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.75000E-01 
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CHEMICAL PROPERTIES 


CONCENTRATION 
(MOLES/Ctt*"3> 
1.56039E-07 
2.Q1037E-09 
1 .556766-05 


MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI- 


9.93535E-03 

1.25017E-Q6 

9.89937E-01 


RATE (MOLE/CM** J/SEC ) 
-3.68217E-05 
7.36633E-05 
0.00000 


CCS UNITS 
1 . 66 30 E 07 


(nOLE-Cn-»3/Gnn*2/SEC) 
A . 62272E 00 


TIVE DIR RATE 
0.99923 


MIXTURE MOLECULAR HEIGHT 131.5767A 
TIME 1.09316E-06 SEC 
FLOW PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
( GM/CM* * 3 ) 
TEMPERATURE 
(DEG A) 

MASS FLOU RATE 
(GM/SEC) 
ENTROPY 
CAL/GM/DEG K ) 
MACH NUMBER 


ENTHALPY 

(CAl/GM) 


TOTAL ENERGY EXCHANGE RATE 3.97357E 05 
<CAL-CM«*3/Gnx«2/5EC> 


MASS FRACTION SUM 


0.99999996 


AREA 1.00796E 00 SO CM 


1.6106S 
IB 1 76 . 59 
2.07277E-03 
1265.63 
3.79710E 01 
0.3575 
0.5031 
1.6579 
3.67093E 01 


AXIAL POSITION Z.00000E 00 CM 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.25000E 00 
60 


CHEMICAL PROPERTIES 


ECIES CONCENTRATION M 
(MOL ES/CM* * 3 ) 

R2 1 .53S20E-07 

R 8.Q0709E-09 

E 1 . 559686-05 

MIXTURE MOLECULAR WEIGHT 


MOLE FRACTION 

9.76337E-03 
5 . 0C183E-Q6 
9 . 597686*01 


NET SPECIE* PRODUCTION REACTION 
MTt (MULE/ CM" *3/ SEC ) NUMBER 

•5.57666E-05 1 

7 . 1 5332E-05 

0.00000 

TOTAL ENERGY EXCHANGE RATE 3 
(CAL-CK**3/Gr.*«2/SEC> 


RATE CONST 
CGS UNITS 
1.6576E 07 


3.83628E 05 


NET REACTION CONV RATE 
(MOL E-CM**» 3/CM* X2/5EC) 
A.32682E 00 


MASS FRACTION SUM 


NET RATE/POSI- 
TIVE DIR RATE 
0.98761 


TIME 2.18606E-06 SEC 

FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DENSITY 

(Gn/CM«*S> 

temperature 

(DEC K ) 

MASS FLOU RATE 
(GM/SEC) 

ENTROPY 
CAL/GM/DEG K ) 
MACH NUMBER 


ENTHALPY 

(CAL/GM) 


AREA 1.01127E 00 SQ CM 


AXIAL POSITION 6.00000E 00 CM 


1.61683 
18056.59 
2.07968E-03 
1266.69 
3.79715E Cl 
0.3575 
0.69*)9 
1.6381 
3.67606E 01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.5Q000E 00 
66 
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Crv.v-... 

OF POO* 


CHEMICAL PROPERTIES 


SPECIES 


SR2 

SR 

TE 


CONCENTRATION 
lf10lES/CM»«J) 
1 . 5C 186 6-0 7 
i.5S9?aE-oa 
1 .56652E-35 


MOLE FRACTION 


9.69862E-03 
9. 92336E-Q6 
9.89509E-01 


M fI* SPCCICS production 
rate (mole/cm** i/sec) 
-3.33972E-05 
6 . 6 7 96 5E-05 
0 . ocooo 


reaction 

number 

1 


rate const 

CCS UNITS 
1.6611E 07 


NET REACTION CONV RATE 
(MCLE-CM** 3/GM**2/SEC) 
7.7232BE 00 


NET RATE/POSI- 
TIVE DIR RATE 
0.95065 


MIXTURE MOLECULAR WEIGHT 131.51991 


(CCKP) END OF THIS CASE - REAO DATA FOR HEX1 CASE 


TOTAL ENERGY EXCHANGE RATE 
(CAl-CM**3/CM"*Z/SEC) 


3.55908C OS 


MASS FRACTION SUM 


REACTION 

NUMBER 


DISTANCE-AREA VERSION GENERAL CHEMICAL KINETICS PROGRAM 

GCKP86 NYO - AIR TEST WITH HEAT TRANSFER STOICH CASE 2 

REACTION 


NASA LEWIS RESEARCH CENTER 


1 

1 . 0*H 

♦ 

2 

1 .0*0 

♦ 

3 

1 .0*H2 

♦ 

6 

1 . 0 * OH 

♦ 

5 

1 . 0*H 

♦ 

6 

1 .0*0 

♦ 

7 

1 . 0 *H 

♦ 

a 

1 . 0 *H 

♦ 

9 

l . 0*H2 

♦ 

10 

M 

♦ 

11 

1 . 0*H2 

♦ 

12 

1 .0*H 

« 

13 

1.0*0 

♦ 

16 

1 .0*OH 

♦ 

13 



16 

1.0*H02 

♦ 

17 

1.0*0 

♦ 

18 

1.0 *N0 

♦ 

19 

1 . 0*NO2 

♦ 

20 

1 .0*N 

♦ 

21 

1.0*0 

* 

22 

1 . OMI 

♦ 

23 

M 

♦ 

26 

1.0*0 

♦ 

25 

1.0*0 

♦ 

26 



27 

1 .0»N 

♦ 

28 

1 -0"OH 

♦ 


0*02 
0»M2 
0 *0H 
O-OH 


l . 0*OH 
1 . 0 * OH 


♦ 1 . 0*02 


0-0 
0*M 
1 . 0*OH 
l . 0*MO2 
1.0"HZO2 
1.0*02 
1 .0*H02 
1.0*M02 
1 .0*MQ2 

2 . 0 *MQ2 
1 . 0«NQ 
1.0HN02 
1 . 0*0 

1 .0*M 
1.0*02 
l . o*ri 2 

1 . 0»0M 
1 .0*N20 
l . 0 "N20 
1 .0»N20 
2.0RN02 

1 . 0 *N02 
1.0HN2 


. 0 *H20 
1 .0*0 

1 . 0 *H02 
1 .0*02 

1 . 0*M2 
1 . 0*H20 
1 . 0*H20 
2 . 0 *0H 
2. 0*OM 
1. 0*OH 
1. 0*OH 
1 . 0*H20 
1.0NH202 
1 . 0*N02 
1 .0*NO 
1 .0*N02 
1 .0«NO 
1. 0*NQ 
1 .0*NO 
l.OMNO 
1 . 0* N2 
1 . Q*N2 
2. 0*N0 

2 . 0 * NO 
2 . 0 *MQ 
1.QHN2Q 


1 . 0*0 
1 . 0*H 
1 . 0*M 
1 . 0*H20 
M 
M 
M 
M 

1 . 0*OH 


l.O*OH 
1 . 0*02 
1 . 0*02 
1 . 0*02 
1 .0*OH 
1 . 0*02 
M 

1 .0*OH 
1 . 0*0 
1 .0*N 
1 .0«H 
1 . 0*0 
1 . 0*02 


1.0*02 
1 .0"H 


reaction 

RATE VARIABLES 


A 

N 

ACTIVATION 



ENERGY 

2.20000E 16 

0.0000 

16790.0 

1 . 80Q00E 10 

1.0000 

8900.0 

5 . 2 0000 E 13 

0.0000 

6500.0 

6.30000E 12 

0.0000 

1093.0 

1 . 50000 E 15 

0.0000 

-1000 . 0 

5 . 7 000 0 E 13 

0.0000 

-1788.0 

8 . 3000 0 E 17 

-1.0000 

0 . 0 

8 . 60 00 0 E 21 

-2 . 0000 

0 . 0 

7 . 2 0 0 0 0 E 11 

0.0000 

18700.0 

1.30000E 17 

0.0000 

65500.0 

l.OOOOOE 13 

0.0000 

63000.0 

2.50000E 16 

0.0000 

1900.0 

5.00000E 13 

0.0000 

1000.0 

5.00000E 13 

0.0000 

1000.0 

l.OOOOOE 12 

0.0000 

0 . 0 

1.20000E 13 

0.0000 

2380.0 

l.OOOOOE 13 

0.0000 

596.0 

5.62000E 15 

0.0000 

-1160.0 

2.90000E 16 

0.0000 

795.0 

6 . 600 0 0 E 09 

1.0000 

4250.0 

1.80000E 16 

0.0000 

76250 . 0 

6.00000E 13 

0.0000 

0 . 0 

1.62000E 16 

0.0000 

51280.0 

6.23000E 13 

0.0000 

26520.0 

3.10000E 13 

0.0000 

21800.0 

6 . OOOOOE 12 

0.0000 

26900.0 

3.60000E 12 

0.0000 

0 . 0 

3.20000E 12 

0.0000 



ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M(M2 

. 5) 

= 

5.00000 

M(M2 

7) 

: 

s . ooeoo 

M( 02 

. 5) 

- 

2.00000 

M( 02 

. 7) 

- 

2 . 00000 

M( H20 

. 5) 

= 

32.S0000 

M( M20 

. 7) 

r 

15.00000 

M ( N2 

» 5) 

5 

2.00000 

M(N2 

. 7) 

= 

2.00000 


M(M2 
M{ 02 
M(H20 
M(N2 


8) : A. 00000 
8) * 1.60000 
8 ) = 20.00000 
8) = 1.60000 


M(H2 
M( 02 
M(H20 
MLH202 


10) = 
10) = 
10) = 
10) = 


2.30000 

0.78000 

6.00000 

6.60000 


INTEGRATION CONTROLS 


INITIAL STEP SIZE 0.1C000E-05 CM 


** INITIAL CONDITIONS «« 


MAXIMUM RELATIVE ERROR O.IOOOOE-OS 


TIME 


0.00000 SEC 


AREA 2.00000E 03 SO CM 


AXIAL POSITION 


0.00000 CM 


FLOW PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(GM/CM**3) 
TEMPERATURE 
(OEG K) 

MASS FLOW RATE 
(Glt/SEC) 
ENTROPY 
CAL/GM/DEG K) 
MACH NUMBER 


GAMMA 


ENTHALPY 

(CAL/GM) 


0.93600 
650950.63 
I .56986E-06 
1539.00 
1.615S6E 05 
2.6768 
3.0000 
1.3183 
6 . 56661 E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


0.00000 

0 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


MEAT LOSS(QDOT/HOOT) = 


6.6255E-02 CAL/CG-CM) 


56 
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V -P . . •-? 


;; ; -4v 


to-.: 


** »H iV ' * '■t*. , ' • ■’■ ? W»t‘-' •. ,. t ^ ' 

V • f**'Ov« ’» ; *’* w '.’ -• <• 

W; 


& 



(M0L65/CM**!) 

a . ooooo 
1 • 10332E-06 
0 . ooooo 
0 .00000 
2.206656-06 
0 . ooooo 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
V.112V7E-04 
0 . ooooo 
1.579966-09 
V . 908 36 6- C8 


0.00000 
l.V763iC-«Jl 
o . ooooo 
0.00000 
2.952786-01 
0 .ooooo 
0 .00000 
0 . ooooo 
0.00000 
0.00000 
0 .00000 
5.50303E-01 
0.00000 
2.11V19E-QV 
6.568026-03 


MIXTURE MOLECULAR UEIGHT 


O r-*,. 

It.v; /■ 

OF PGJ 


5£!;«? T ** ,I0N "OLE FRACTION 


CHEMICAL PROPERTIES 

N fI.! Pee,E5 FROOUCTION REACTION RATE CONST 
RATt <J01E/Cn..j/SEC) NUMBER cos $S?tI 

iMJJi'iJ 1 t.um u 

V 5653^122 2 1.5866E 12 

1 ?5 5 6-3796E 12 

2 28 5 5 2 . 0 7 1 5£ IV 

t i.oisie u 

I 5.32396 IV 

2 *22222 ! j • ie 15 

2-22222 1 - 721 je 09 

i« 5 .v3C6e 10 

-? 11 9.17586 00 

? 12 1.3519E IV 

2 ' 3l I 15 3-4206E 13 

J* 22!;; 1* 1.42046 u 

0-00000 1 5 1.0000E 12 

U 5.56596 12 

17 8.2V99E 12 

18 8.172VE 15 

19 2.2V36E IV 

20 1.3270E 12 

21 3 . 682 1 E 03 

22 V.0000E 13 

25 9.1952E 06 

29 2.2758E 10 

25 2.72V6E 10 

26 6.7773E 08 

27 3.6O00E 12 

21 1.7825E 01 

total ENERGY EXCHANGE RATE 1 . 72621 E 07 
(CAL-CM»»5/Cr«-2/SEC) 

HALVE STEP SIZE -SAVE 1 ( 1) = -0 . 97233V91D-04 


NEGATIVE CONCEHTRATIOHS- 


NET REACTION CONV RATE 
<MOLE-CM«*3/GM*«2/SEC) 
0.00000 
o . ooooo 
0.00000 
0.00000 
0.00000 
-2.014646-05 
-9.610066*03 
0.00000 
0 . ooooo 
0.00000 
9.24253E 02 

0 . ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
•9.VU58E-06 
0.00000 
0.00000 
0.00000 
0.00000 

MASS FRACTION SUM 


NET RATE/POSI- 
TIVC DIR RATE 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
1.00000 
0.00000 
0.00000 
0.00000 
1 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o. ooooo 
1.00000 
0 . ooooo 
o .ooooo 
0 .ooooo 
0.00000 


PREDICTOR TROUBLE FOR Y1B, VALUE * USA, ua,„SSU1D-IA. T= I.IATHHMTTATA.O 01. H= B . U72032032B52B IAO 90 


CUT STEP SIZE BY O.lOQQOOOVD 00 


PREDICTOR TROUBLE FOR YU. VALUE = -0.«»07IU»A»,«570-U. ^ B.2S227SBB5SI72A5D 01. H* 0. 10720 J2B50BI727 JD-01 


CUT STEP SIZE BY O.IQOOOQOVD 00 


PREDICTOR TROUBLE FOR Y 7. VALUE = -0 . A2A.2I21 026A27.,0-05. T= 0 . J ,1A,*7S J S0»A77D ,1. H* , . M .»077US«A 5 ,D-, l 


CUT STEP SIZE BY 0.2000000VD 00 


PREDICTOR TROUBLE FOR YU. VALUE = -0 . UB20UHSSJ7720D-U. T. 0. JBASJ2IUBISAJJ0 01. H* 0.1S25J2J7JJ01JB75D-01 


CUT STEP SIZE BY 0.7000000VD 00 


TIME 6.75787E-06 SEC 


AREA 2.00000E 03 5« CM 


AXIAL POSITION 3. 04800E 00 CM 


FLOW PROPERTIES 

PRESSURE 1.03VVJ 

t a ini 

VELOCITY VV982S.U 

ccrvsEC) 

DENSITY 1 . 57374E-0V 

( GM/CM«*3 ) 

TEMPERATURE 1689.91 

(DEG X) 

MASS FLOW RATE 1.VI58VE 05 

(cn/stc) 

ENTROPY 2.7378 

CAL/GM/OEG XI 

MACH NUMBER V.81V0 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 . 7Q88VE-01 


ENTHALPY 

CCAL/GM) 


V.645V2E 02 


HEAT LOS5-( QDOT/MQOT ) = 4.9674E-02 CAL/fG-CM) 


CHEMICAL PROPERTIES 


concentration 

(MOL 65/CM** 3 ) 
5.535V8L-07 
6 . 1 9606E-07 
8.546766-08 
1 . 3V7V36-0? 

1 . 1V063E-04 
7.5I63VE-07 
3.289SVE-10 
1 . 203766-10 
1 . 0V6316-1V 
7 . 9658VE-19 
2.116176-15 
V . 1227VE-06 
1 . 311076-13 


MOLE FRACTION 

7.420VOE-02 
8. 30592E-02 
1 . 1V8396-02 
1.806246-02 
1 . 529036-01 
l .007586-01 
V .409496-05 
1.413666-05 
1 . VQ260E-09 
1 .0478VE-13 
2.836776-10 
5.526406-01 
1 .757516-08 


NET SPECIES PRODUCTION REACTION RATE CONST 

RATE (MOL E/CN** 3/SEC ) NUMBER CCS UNITS 

1 1.V826E 12 

2 2.19856 12 

7 . 97 7 96E-02 3 7.5055E 12 

1 . 101876-01 V V.S497E 12 

5 2 . 02036 1? 

5.801416-01 4 9.70766 13 

“5.26 5516-OV 7 V 9115E IV 

2.051 186-0 V 8 2.9V1VE 15 

2 . 488046-08 9 2.747VE 09 

1.967536-12 10 1.6966E 11 

4.310006-09 11 2 . 74 76 C 07 

-1.553026-07 X2 141986 IV 

1 . VO 7066-07 13 3. 71236 13 


NET REACTION CONV RATE 
(M0LE-CM«*3/GM«*2/5EC) 
1.V5112E 07 
1 . 01 151 E 07 
2.31035E 07 
1.20228E 05 
1.13113E 06 
5.308536 02 
1.65810E 05 
1.577366 05 
V.16213E 01 
-8 . 27852E 13 
7 . 2854 1 E 02 
1.0V371E 06 
6 . 640936 04 


NET RATE/POSI- 
TIVE DIR RATE 
1.70478 
0.75870 
0.78021 
0.00918 
0.99972 
1 .ooooo 
1 .00000 
1.00000 
0.99997 
0.VVV13 
0.9292V 
0.99988 
•. 99959 


57 


CO? 

AK 


I *>8 5901 -07 
4 . 9?Q60l-CC 


?. 1?J?5( - O'. 
6 . i96 Ibt-QS 


0 . 00000 
0 . 00000 


ohic-: - • • 
OF PO CM 


14 

3.71236 

13 

4.222356 04 

0.99962 

15 

1 . OQOCE 

1? 

3.308536 00 

0. 73725 

16 

5.90726 

12 

7.996896-04 

0 .97413 

l 7 

8.37386 

12 

3.570956-05 

0 . 98401 

18 

7 . 9388E 

15 

3.371026-03 

0.99998 

19 

2.28876 

14 

4.035566-03 

0.99531 

20 

1.68176 

12 

8.902926-02 

0 .99998 

21 

2. 4781 E 

04 

5.5581*6-01 

l . 00000 

22 

4.00006 

13 

2 . 9276'E-0 1 

0.9*994 

23 

3. 3145E 

07 

-8 . 33 14 36 00 

0.99984 

24 

4.2015E 

10 

2 . 9893 1 6-02 

1.99751 

25 

4.6*946 

10 

3. 351946-02 

. OOOOO 

26 

1.3279E 

09 

-2.217256-17 

0.99847 


Tint 1.69746E-05 SEC 


AREA 2.00000E 03 SQ CPI 


AXIAL POSITION 7.620R0E 00 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DENSITY 

<crvcri"*3> 
TEMPERATURE 
(DEG X ) 

NASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL/GP1/DEG X) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


1 . 43402 
444108.43 
1.59403E-04 
2418.13 
1.41584E OS 
2.78*7 

4. me 

1.277* 
S.27252E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
total number of steps 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


24 

0.586156-01 

101 


ioe 

30 


HEAT LOSS(QOOT/MDOT) 


* . 1832E-02 CAL/ ( G-CM) 


CHEMICAL PROPERTIES 


SPECIES 

H 

02 

OH 

0 

M2 

H20 

H02 

H202 

HQ 

NQ2 

H 

M2 

N20 

C02 

AR 


CONCENTRATION 
(H0LES/CN«O) 
A . 842646-07 
2.078766-07 
2.668086-07 
1.756676-07 
4.829936-07 
1. 382036-06 
1 . 14723E-10 
2.920456-11 
9. *79636-11 
9.952646-15 
1 .4637*6-12 
A . 175786-06 
7.55518E-13 
1 .60A JOE-09 
A . 983976-08 


MOLE FRACTION 

6. 700646-02 
2.8763AE-02 
3.69177E-02 
2.A3066E-02 
6 .683086-02 
l. 912286-01 
1 . 587AOE-OS 
A.0AC96E-Q6 
1 . 38086 E -0 5 
1.377156-09 
2. 025A2E-07 
5. 7779AE-01 
1 . 0A539E-Q7 
2.219GAE-0A 
6 . 8 9622E-03 


ECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RA"“ 

NET RATE/POSI- 

(MOLE/CM* • 3/SEC ) 

NUMBER 

CCS UNITS 

(MOLE-CM««3/GM»*2/SEt) 

TIVE OIR RATE 

-2.313666-02 

1 

6.6827E 12 

-1.335S1E OS 

0.00S02 

-5.012876-03 

2 

6.6293E 12 

5 . 34288E 04 

0.00234 

4 .873596-03 

3 

1.34446 13 

1.19493E OS 

0.0017S 

-5.754S6E-03 

4 

3.01836 12 

-8.32079E 03 

0.00059 

-1.754826-03 

5 

1.84706 15 

4.04643E 05 

0.96883 

1.089676-02 

6 

8.2694E 13 

7 .235936 02 

0.99694 

-2.882126-06 

7 

3.43246 14 

1.038746 OS 

0.99692 

-8 . *94 116-06 

8 

1 .4 36 56 15 

2.73559E OS 

0.99692 

3.367406-05 

* 

1.46976 10 

2 .887926 Cl 

0.90106 

2.931066-0* 

10 

1.003*6 13 

3.S2836E 02 

0.00208 

3.081586-07 

11 

1.2992E 0* 

- 1 . 386 426 01 

0.00269 

- 1 .70386E-05 

12 

1.68356 14 

3. 316106 OS 

0.90088 

4.605076-08 

13 

4.06066 13 

2.902996 04 

0.90138 

0 . OOOOO 

14 

4.06066 13 

4.40886C 04 

0.90132 

0 .00000 

15 

1.00006 12 

-1.132636 00 

0.68619 


16 

7.31276 12 

1.80670E 00 

0.54832 


17 

8.83356 12 

4.751126-01 

0.78166 


18 

7.15456 15 

3.S1743E 01 

0.98599 


1* 

2.45786 14 

3.639066 01 

0.78056 


20 

4.21416 12 

4 . 968276 01 

0.98429 


21 

2.31116 07 

6.670206 02 

0.99972 


22 

4.00006 13 

6 . 052096 02 

0.98437 


23 

3.29326 09 

-4 . 069236 01 

0.98291 


24 

3.78776 11 

1.62446E 00 

0.82108 


25 

3. .166 11 

1.73391E 00 

1 .OOOOO 


26 

1.4-206 10 

-8 . 4281 7E- 1 0 

0.93585 


TIME 3.A0992E-05 SEC 


AREA 2.00000E 03 SQ CM 


AXIAL POSITION 1.S2A00E 01 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(Gn/cn*i»3) 
TEMPERATURE 
(DEG X ) 

MASS FLOU RATE 
(GM/SEC) 
ENTROPY 
CAL/GM/DEG X) 
MACH HUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


1.6A871 
AA1035.3A 
1 . 6051AE-0A 
28A0.32 
I.A158AE 05 
2.7*86 
3.8A6A 
1.2432 
S . 58*25£ 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


12 

0.43500E 00 
113 


121 

33 


HEAT LOSS( Q DOT /MOOT ) 


1 . 1731E-01 CALZ(G-CM) 



CHEMICAL PROPERTIES 


OK'iGlV •;/ - ; - 
OF POOU 


species 

H 

02 

OH 

0 

H? 

M20 

HOC 

H202 

HO 

N02 

N 

H? 

H20 

C02 

AR 


CONCENTRATION 

<moiES/cn**3) 

2 . 80938E-0? 

X . 59477t-07 
2. 90819E-Q7 
1 . 1*2186-07 
*. *U*QE-07 
1.52917E-Q6 

1 .2152BE-10 
6.20276E-12 

2 . A3303E-Q9 
*.068*9E-I3 
1 . Q5Q07E-1 I 
* . 2Q370E-06 
2.51780E-12 
1 . 6 1 5*86-09 
S.0I870E-08 


MOLE FRACTION 

3.97U0E-O2 
2 . 2S 722E-02 
*.11107E-02 
1 .61*61E-Q2 
A .236Q3E-02 

2. 16166E-01 
X . ?179*E-05 
1. 15956E-06 

3. *39386-0* 

5 . 751296-08 
l . *8**06-06 
5-9*2* 3E-0 1 
5. S5 92 IE-07 
2.2836 7E-Q* 
7.09*53E-03 


NET SPECIES PRODUCTION 
RATE (MQL E/CM**3/$£C) 
‘6.29677E-0J 
- 1 . 680856-03 
2.935956-0* 

*2. 0711 IE-03 
-l 82955E-03 
*.755476-03 
-<♦.*10396-07 
7 . 56868E-05 
2.329136-0* 
2.62935E-09 
* • 9*6 35E-Q7 
-1 . 16830E-0* 

1 .2**236-07 
0.00000 
0 .00000 


REACTION 

NUMBER 

1 

2 

3 

* 

5 

6 

7 

8 
9 

10 

11 

12 

13 

l* 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2* 

25 

26 


RATE CONST 
CCS UNITS 
1.1233E 13 
1 . 056* E 13 
1 . 6* 38E 13 
5.1909E 12 
1.79Q8E 15 
7 .82**6 13 
2.92226 1* 
1 . 0* 1 2E 15 
2.6209E 10 
S.1013E 13 
*.91306 09 
1.785*6 1* 
* . 1 862E 13 
*.18826 13 
1.0000E 12 
7 . 8 7 1 * E 12 
8.9979E 12 
6.90236 15 
2.5190E 1* 
6.00676 12 

2 . **** E 08 
* . 0 000 E 13 
1 .6 0696 1 0 
8.0B70E 11 
6.51556 11 

3. *0596 10 


NCT REACTION CONV RATE 
1 MOL E-CM* * 5/GM* *2/SEC ) 
>2.825716 0* 

2 . 85*606 0* 
6.49238E 0* 
-9.62613E 03 
1 .25009E 05 
2.21612E 02 

2 . **8Q2E 0* 

1 .0*5606 05 
2 . 1 5*87E 01 

-2 . 9380* E 03 
-5.95976E-01 
9.336B9E 0* 

8 . 92* 18E 03 
2.27028E 0* 

-*. 13132E-01 
9 . 00765E 00 
5 . 3320*6 00 
3.62502E 02 
3.66075E 02 

3. *29506 02 
* . 522*0E 03 
* . 1 6025E 03 

-3.32C27E 01 
1 . *8*6 1 E 00 
7 . 26 7 1 1 E 00 
-2.52571E-07 


NET RATE/POSI- 
TIVE DIR RATE 
0 . 001 ** 
0.00138 
0.00082 
0.00056 
0.65330 
0.79072 
0.79013 
0.79030 
0.39513 
0.01*53 
0.00007 
0.39*63 
0.39551 
0.39517 
0 . * 1 88* 
0.09971 
0.32855 
0.68832 
0.32758 
0.87732 
0.99276 
0.877*9 
0.7*953 
0. 16**7 
0.99926 
0.53581 


DISTANCE-AREA VERSION 


REACTION 

NUMBER 

1 

2 

3 

* 

5 

6 
7 

a 

9 

10 

n 

12 

13 

1* 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2* 

25 

26 

27 

28 

29 

30 

31 


I.0*M 
1.0*0 
1.0-H2 
1 . 0*OH 
1 . 0*H 
1.0*0 
1 .0*H 
1 .0«M 
1 .0»M2 
M 

1 .0»H2 
l . 0*M 
1 . 0*0 
1 . 0*OH 

1 . 0*H02 
1 . 0*0 
1 .0«NO 
1 . 0 *N02 
l . 0*N 
1.0*0 
1 .0*N 

n 

l.o»o 

1 . 0*0 

1 .0*N 
1 . 0*ON 
1 . 0*OH 
1 . 0*0 
1 .0*H 


GENERAL CHEMICAL KINETICS PROGRAM 
GCKP8* HYD - AIR TEST UITN HEAT TRANSFER FULL MECH CASE 3 

REACTION 


NASA LEWIS RESEARCH CENTER 


♦ 

1.0*02 

* 1 . 0*OH 

4 

1.0*0 

♦ 

1 . 0**H2 

= 1 . 0*OM 

4 

1 . 0«H 

♦ 

1 . 0 *OM 

= 1.0*H20 

4 

1 . 0*H 

* 

i . 0*OM 

= 1.0*0 

4 

1 . Q " H20 

♦ 

1.0*02 

= 1.0NH02 

4 

M 

* 

1.0*0 

= 1.0*02 

4 

n 

♦ 

1 . 0"H 

* 1.0«H2 

4 

n 

♦ 

1 .0*ON 

= 1.0-H20 

4 

M 

♦ 

4 

♦ 

1 . 0*HO2 
1 .0*H2O2 
1.0*02 

= 1.0*H2O 

= 2 . 0 "OH 

= 2 . 0 *OH 

4 

1 .0*0H 

♦ 

l .0*1102 

- 1 . 0*OH 

4 

1 . 0 "OH 

♦ 

1 . Q*M02 

= l.0*GH 

4 

1 . 0*02 

- 

1 . 0*MO2 

= 1.0-H20 

4 

1 . 0*02 


2 . 0*HO2 

= 1 . 0*H2Q2 

4 

1.0*02 

♦ 

1 . 0 *NO 

= 1.0-N02 

4 

1 . 0*OH 


1 . 0*0 
1 . 0 *M 
1.0*02 
1 . 0 *M2 
1 . 0*OH 
I.0»N2O 
1 .0*N2O 
1 . 0-N2O 
2.0-N02 
I . 0*NG2 
1 .0*N2 
l.0*M2O2 
1 . 0 *H202 
1 .0*H202 


. 0*NO 
1 . 9 *N02 
1 . 0*NO 

l . o*no 

1 . 0*NO 
1 . 0 * NO 
1.0*N2 
1 .0*N2 
2.0HNQ 
2 . 0*NQ 

2 . 0 *NO 

1 . 0*N20 
1 . 0*M20 

1 . 0 *OH 

1 . 0*H20 


♦ 1 . 0*02 

♦ M 

♦ l.B-OH 

♦ 1 . 0*0 

♦ 1 . 0*N 

♦ 1 . 0 *H 

♦ 1 . 0*0 
♦ 1 . 0*02 

♦ 1 . 0*02 

♦ 1 . 0*H 

♦ 1 . 0 *H02 

♦ 1 . 0*HO2 

♦ 1 . 0 *0H 


REACTION RATE VARIABLES 
A N 


2.20000E 1* 
1.80000E 10 
5 . 2000 0 E 13 
6 . 30 000 E 12 
1.50000E 15 

5 . 7 0 0 00 E 13 
8 . 300 00 E 17 
8 . * 000 OE 21 
7.20000E H 
1.30000E 17 
1.Q0000E 13 
2 . 500 00 E 1* 
5.00000E 13 
5.00000E 13 
1 . 6000 OE 12 
1 . 20 000 E 13 
1.00000E 13 
5 . 6200 0 E 15 
2.900Q0E 1* 
6.40000E 09 

1 . 8 000 OE 1* 
* . 0 000 OE 13 
1. *20006 1* 
6.23000E 13 
3.10000E 13 
*.003006 12 
3.60000E 12 
3.20000E 12 
1.00000E 13 
8.00000E 13 
3.20000E 1* 


0.0000 

1.0000 

0.0000 

0.0000 

0.0000 

0.0000 

-1.0000 

- 2.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

1.0000 

0.J300 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 


ACTIVATION 

ENERGY 

16790.00 

8900.00 

4500.00 

1093.00 
- 1000.00 
-1788.00 

0.00 

0.00 

18700.00 
*5500.00 
*3000.00 

1900.00 

1000.00 
1000.00 

0.00 

2380.00 

596.00 
-1160.00 

795.00 

4250.00 

74250.00 

0.00 

51280.00 
2*520.00 

21800.00 

24900.00 

0.00 

80280.00 

1800.00 
1000.00 
9000.00 


"* ASSIGNEO VARIABLE PROFILE ■* 

THE AREA IS CALCULATED FROM THE FOLLOWING POLYNOMIAL 
AREA (FT**2) ! ( 0 . 00000 )X**3 ♦ ( 0.00000)X**2 ♦ ( 0.00000)X ♦ < 2.15278E 00) 


*1* - FUEl COMBUSTION. EQUIVALENCE PATIO = 1.0000 FUEL - AIP RATIO = 0.020? OXYGEN FRACTION IN AIR = 0.200S 

HEAT TRANSFER CASE ROOT (CAL/CM-5EC) =< O.QOQQO)T**2 * ( 5.84300E 00)T ♦ (-4.28800E 01) 


m 


nr- 


: 

i- 


ORir. 
OF K 


i * 


» 

tv 

£ 


*»* initial conditions ** 


Tine 0.00000 sec 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
(Cn/CK«»IJ) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL/Cn/DEG K ) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


AREA 2 . OOOOOE 03 SO CM 


0.05400 
450952.54 
1 . 54983E-04 
1559.00 
1.41584E 05 
2.474ft 
5.0000 
l.llftl 
4.54665E 02 


AXIAL POSITION 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUfllER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


O.OiOOO CM 


0.00000 

0 


HEAT LOSS ( QDOT/MDOT ) = 


6 . 4255E-02 CALZ(G-CM) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET ENERGY EXCHANGE 

RATE 

NET RATE/POSI- 


( MOL ES/CM* * 3 ) 


RATE (MOL E/ CM **3/ SEC) 

NUMBER 

CGS UNITS 

( CAL _ CM«* 3/ GM»* 2/SEC ) 

TIVE 

DIR RATE 

M 

0.00000 

0.00000 

4.73677E-10 

l 

9.7432E 11 

0.00000 



0.00000 

02 

1.10331E-06 

1.476 JftE-01 

-2.26271E-05 

2 

1.5866E 12 

0. 00000 



0.00000 

OH 

0.00000 

0. 00000 

4.56542E-05 

3 

6.3796E 12 

0.00000 



0.00000 

0 

0.00000 

0.00000 

1.22590E-12 

4 

4.4271E 12 

0.00000 



0.00000 

H2 

2 . 204 7 0E-0 6 

2 . 95285E-01 

-2.28274E-05 

5 

2.0715E 15 

0.00000 



0.00000 

MZO 

0.00000 

0 . 0 0 000 

0.00000 

6 

1.01516 14 

2.40201E 00 



1.00000 

H02 

0 .00000 

0.00000 

0 . 00000 

7 

5.3239E 14 

1.00144E 03 



1.00000 

H202 

0.00000 

0.00000 

0.00000 

ft 

3.4561E 15 

0.00000 



0.00000 

NO 

O.OCOOO 

0.00000 

0.00000 

9 

1.7213E 09 

0.00000 



0.00000 

N02 

0 . 00000 

0 . 00000 

0.00000 

10 

5.43A4E 10 

0.00000 



0.00000 

N 

0.00000 

0.00000 

0.00000 

11 

9.37 586 04 

1.72617E 07 



1.00000 

N2 

4.112446-06 

5.50298E-01 

-2.31937E-13 

12 

1.3539E 14 

0.00000 



0.00000 

N20 

0.00000 

a . oooou 

2.31937E-13 

13 

3.4206E 13 

0.00000 



0.00000 

C02 

1 . 57995E-09 

2 . 1 14 1 7E-04 

0.00000 

14 

3.4204E 13 

0.00000 



0.00000 

AR 

4.90432E-0S 

6 . 567 96E-03 

0.00000 

15 

1.8000E 12 

0.00000 



0.00000 





16 

5.5659E 12 

0.00000 



0.00000 





1) 

8.2499E 12 

0.00000 



0.00000 





1A 

8.1724E 15 

0.00000 



0.00000 





19 

2.2434E 14 

0.00000 



0.00000 





20 

1.3270E 12 

0.00000 



0.00000 





21 

3.6A22E 03 

0.00000 



0.00000 





22 

4.0000E 13 

0 . 00 000 



0.00000 





23 

9.19S2E 06 

0.00000 



0.00000 





24 

2.2758E 10 

7 .450546-01 



1.00000 


TIME 6 . 75786E-06 SEC 

AREA 2. OOOOOE 

03 SO CM 


AXIAL POSITION 3. 

0480QE 

00 CM 


FLOW PROPERTIES 



INTEGRATION 

INDICATORS 





PRESSURE 

f A TM t 

1.03443 


STEPS FROM LAST PRINT 

43 




VELOCITY 449A27 . 1 2 

t «. cr i 


AVERAGE STEP SIZE 

0 . 788846*01 



DENSITY 
( GM/CM" * 3 ) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(CM/SEC) 
ENTROPY 
CAL/GI1/DEG X) 
MACH NUMftER 

GAMMA 

ENTHALPY 

(CAL/GM) 


1 . 57 374 E- 04 
1690.24 


1.415A4E 05 
2.7379 


4.4135 


1.3110 
4 . 6657 7 E 02 


TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


43 


45 

13 


MEAT LOSS( QDOT/MDOT ) r 


6.9490E-02 CAL/(G-CN) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

(l-AES/CMMl) 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE (MOL 6/ CPI*" 3/SEC) 

REACTION 

NUMBER 

RATE CONST 
CGS UNITS 

NET ENERGY EXCHANGE RATE 
(CAL-CM*«3/GM»«2/SEC) 

NET RATE/POSI- 
TIVE DIR RATE 

H 

5.S3541E-07 

7 .42012E-02 

3. 97200 E- 01 

1 

1.4841E 12 

2.43532E 11 

0 . 70677 

0 2 

6. 19497 E- 07 

8.30448E-02 

-3.85002E-01 

2 

2.1500E 12 

1.8B846E 10 

0 ! 75851 
0.78005 
0.08923 
0.99972 
1.00000 
1.00000 

OH 

8.57 326E- 08 

l . 149276-02 

7 . 9951 1E-Q2 

3 

7.50B4E 12 

•3.47048E 11 

0 

l . 34750E-0? 

1 .80636c 02 

1 .102776-01 

4 

4 . 550 OE 12 

-2 . 03339E 09 

H 2 

1 . 14042 E- 06 

1 . 52876E-01 

-8. 1917JE-G1 

5 

2.0202E 15 

•5.B3695E 10 

H20 

f . 51 97 3E-07 

1 . 00803E-01 

5.A0840E-01 

4 

9.7065E 13 

-6.322A6E 07 

H02 

3 . 3081 IE-10 

4.434596-05 

-5.28237E-04 

7 

4.1105E 14 

-1.72749E 10 


60 


1.943666-11 
1. 048356-14 
7.990426-19 
2. 12247E-15 
4.1227*6-06 
1- 311386-13 
1 . 583706-09 
4. 92060E-Q8 


2 . 6 0 5 52E-0 6 
1 .405346-09 
1.071136-13 
2.84521C-10 
5. 52660 E -01 
1 . 757 92F-08 
2 . 123256-04 
6. 596166-03 


2. 120096-05 
2.498126-08 
1. 968826-12 
9.338906-09 
-1 .559876-07 
1 .40826E-07 
0 . 00000 
0 . 00000 


on:c\v . 
of poc:. r.; 


2.99026 15 
2.75056 09 
1.70126 11 
2.75476 07 
1 >1996 19 
3.71256 13 
3.71256 13 
1.80006 12 
5.90816 12 
8.37916 12 
7.93836 15 
2.26886 19 
1.68276 12 
2.98996 09 
9.00006 13 
3.32976 07 
9.20766 10 
9.70556 10 
1-33016 09 


-1.881506 10 
-2.051906 06 
-8.700826 08 
1.360636 07 
-3.565516 10 
-3.388726 09 
-2.873336 09 
-2.567076 05 
- 3 . 90 9686 00 
-1.693686 00 
-2.973156 02 
-1.189986 02 
-2.899986 03 
9.187826 09 
-1.928526 09 
-3.331096 05 
-2.370566 03 
-1.20889E 03 
-6. 085936-13 


1.696086-05 SEC 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
( CM/SEC > 
DENSITY 
(GN/CM»»3> 
TEMPERATURE 
(DEG K) 

HASS FLOW RATE 
(Gli/SEC) 
ENTROPY 
CAL/CH/DEG JO 
MACH NUMBER 


AREA 2.000006 03 SO CM 


AXIAL POSITION 7.420006 00 


493981.37 

1.599986-09 


1.915896 05 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 . 16933E 00 


ENTHALPY 

(CAL/GM) 


5.286106 02 


MEAT LOSSCQDOTsMDOT ) s 


1 . 0055E-01 CAL/ < G-CM) 


CHEMICAL PROPERTIES 


CONCENTRATION 
mOLES/CM*«3> 
9.750686-07 
2 . 05951 E-0 7 
2.686236-07 
1 732676-07 
9.823226-07 
1.387 1QE-06 
1 . 16707 E- 10 
2.128376-11 
1.092366-10 
1.10822E-19 
1.409266-12 
9.176966-04 
7.73879E-13 
1 .404756-09 
4 . 98538E-08 


MOLE FRACTION 

6 . 5 78 98E-02 
2.R5211E-02 
3. 720036- C2 
2.399496-02 

6. 6 79436-02 
1 .920936-01 
1.614226-05 
2.94748E-04 
1.512746-05 
1.534726-09 
2.221476-07 
5. 7 84466-01 
1.071716-07 
2.222356-04 
4 . 9040.6-0 3 


NET SPECIES PRODUCTION 
RATE ( MOL 6 / CM* ■ 3 / SEC ) 
-2.381446-02 
-5. 359276-03 
5.131126-03 
-5.596826-03 
-1.593586-03 
1.071266-0 2 
-1.072066-05 
2.279136-04 
3.715066-05 
3.510036-09 
3.443716-07 
-1 .88114E-05 
5.232726-08 
0.00000 
6 .00000 


REACTION 

NUMBER 

2 

3 

4 

5 

6 
7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


RATE CONST 
CG5 UNITS 
6.85036 12 
6.96906 12 
1.35746 13 
5.02646 12 
1 . 84s 36 15 
8.2476E 13 
3.40816 14 
1 .41626 15 
1 .51096 10 
1.07366 13 
1.38416 09 
1 6882E 14 
4.04666 13 
4.06666 13 
1.8000E 12 
7.33846 12 
8.84136 12 
7.14226 15 
2.46076 14 
4 . 2844 E 1*» 
2.5C656 0? 
4.00006 13 
3.55226 09 
3.92736 11 
3.42826 11 
1.54206 10 


NET ENERGY EXCHANGE RATE 
(CAl-CM** 3^GM* ■2>'SEC ) 
-1.789216 09 
1.089056 08 
-1.555546 09 
2.531716 08 
-2.022346 10 
-8.345376 07 
-1.034996 10 
-3.179106 10 
-1.464446 06 
-2.006596 09 
-1.51335E 05 
-1.117616 10 
-1.46 7296 09 
-3.03110E 09 
4.324136 04 
-9.678506 03 
-2.355366 04 
-2.76437E 06 
-1.139126 06 
-1.74390E 06 
5.520376 07 
-3.242186 07 
-1.638436 06 
-1.31452E 05 
-6.510196 04 
-2.736616-05 


TIME 3 .412666-05 SEC 

FLOW PROPERTIES 

PRESSURE 

(AIM) 

VELOCITY 

(CM/SEC) 

DENSITY 
(GM/CM-uJ) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(GH/SEC) 

ENTROPY 
CAL/GM/DEG K> 
MACH NUM36R 


AREA 2 . 0 000 OE 03 SO CM 


440920.94 

.605556-04 


1.41584E 05 


AXIAL POSITION 1.52400E 01 CM 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.28222E 00 


61 


GAMMA 


ENTHALPY 

CCAL/CM) 


1.2627 
5 . 601696 02 


OF POOR 


HEAT LOSS! 0D0T/MD0T ) = 1 . 179SC-01 CAL/<G-CM) 


CHEMICAL PROPERTIES 


SPECIES 

H 

02 

OH 

0 

H2 

H20 

H02 

H202 

NO 

N02 

N 

N2 

N20 

C02 

AR 


CONCENTRATION 
{ MOLES/CM** 3 ) 
2.741546-07 
1 .57884E-07 
2 . 907626-07 
1 . 1 186 7E-07 
A . 367 306-07 
1 . 535646*06 
1 .233026-10 
7 . 13903E-12 
2.525756-09 
4.309346-13 
1 . 108196-11 
4.204736-06 
2.667366*12 
1.61589E-09 
5.019986-08 


MOLE FRACTION 

3 . 87866E-02 
2 . 2 3 37 OE- 02 
4.11363E-02 
l. 58267E-02 
4.2070SE-02 
2.1 7259E-01 
1 . 74444E-05 
1 . 01O01E-06 
3. 573376-04 
6.096756-08 
1 . S6763E-06 
5.948756-01 
3. 773716-07 
2.26612E-04 
7 . 10215E-03 


NET SPECIES PRODUCTION 
RATE (MOLE/CM-«3/SEC) 
-4. 407486-03 
-1.56905E-03 
-1.629456-03 
“2. 09796E-03 
-3. 1 8 984 £- 0 J 
5.804896-03 
7 .739526-06 
3. 99542E-Q4 
2 . 45 7 98E- 04 
6.37471E-08 
« . 34049E-07 
-1 .23504E-04 
1.55492E-07 
0.00000 
0.00000 


REACTION 

NUMBER 

1 

2 

3 

4 

5 
4 
7 

6 
9 

10 
1 1 
12 
13 
U 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


RATE CONST 
CCS UNITS 
1.1423E 13 
1.0719E 13 
1.6545E 13 
5.1965E 12 
1 . 7890E 15 
7.810SE 13 
2.9057E 14 
1.0295E 15 
2.6703E 10 
4.2921E 13 
5 . 1 266 E 09 
1.7888E 14 
4.1924E 13 
4.1924E 13 
1.6Q00E 12 
7.8901E 12 
9.0032E 12 
6.8943E 15 
2.5210E 14 
6.0784E 12 
2.6379E 08 
4.0000E 13 
I.6935E 10 
8.2875E 11 
6.6590E 11 
3.4986E 10 


NET ENERGY EXCHANGE RATE 
<CAt-CM*»3/CM**2/SEC> 


-3.994386 
6.69686E 
•1 . 6S224E 
l . 19203E 
-5.88711E 
-2.418236 
*2.317486 
*1. 15459E 
-I.Q0538E 
*1.058126 
1 . 32660E 
-2. 9U94E 
*4.168476 
*1 -44281E 
1.737406 
-4 . 1838s E 
*2.342466 
*2.550186 
-1.01708E 
*1.151556 
3.582976 
-2.13081E 
-1.271666 
-1.020206 
-2.773216 




NET RAT6/P0SI- 
TIVE DIR RATE 
0 . 00124 
0.00176 
0.00134 
0 . 00041 
0.61695 
0 .75754 
0 .75681 
0 .75714 
0 . 36632 
0.10212 
r .00052 
0.36546 
0.36625 
0.36599 
0.32767 
0.09048 
0.30321 
0.65204 
0.30234 
0.87653 
0.99249 
0.87668 
0.71992 
0.13434 
0.99920 
0.50063 


DISTANCE-PRESSURE VERSION 
GCKP84 HYD 


GENERAL CHEMICAL KINETICS PROGRAM 
OXYGEN CASE WITH HEAT TRAN5FER 


NASA LEWIS RESEARCH CENTER 

CASE 4 


REACTION 



NUMBER 



1 

1 .0«M 

♦ 1 . 0"02 

2 

1 . o*o 

♦ 1.0 <H2 

3 

1 .0*H2 

♦ 1 . 0 "OH 

4 

1 . 0 * OH 

♦ 1 . 0 "OH 

5 

1 . Q*H 

♦ 1 . 0 "02 

6 

1.0*0 

♦ 1 .0-0 

7 

1 . 0"H 

♦ 1 . 0*H 

8 

1 .0*H 

♦ 1 . 0 "OH 

9 

1 .0*H2 

♦ 1 . 0"H02 

10 

M 

♦ 1 . 0 "H202 

11 

1 .0*H2 

♦ 1 . 0 "02 

12 

l . 0*H 

♦ 1.0-H02 

13 

1.0*0 

♦ 1 . 0 "H02 

14 

1.0»OH 

♦ 1 . 0 "H02 

1 5 


2 . 0 "H02 

16 

1 . 0 "OH 

♦ l . 0"H202 

1 7 

1.0-0 

♦ 1 . 0"H2O2 

1 8 

1 . 0"H 

♦ 1 . 0"H202 


REACTION 


= 

1 . 0«OH 

♦ 

1 .o«o 

- 

1 . 0 "OH 

♦ 

1 . 0"H 

2 

1 . 0-H2Q 

♦ 

1 . 0"H 

2 

1 .0*0 

♦ 

1 .0*H20 

2 

1 . 0-H02 


M 

- 

1 .0*02 

♦ 

n 

2 

1 . 0«H2 

♦ 

M 

2 

1 . 0*H2Q 

* 

M 

2 

1 . 0«H20 

♦ 

1 . 0"OH 

= 

2. 0"0H 




2 . 0"0M 




l .0*OH 

♦ 

1 . 0*OH 


l .0"0H 

♦ 

1 .0*02 


1 . 0"H2O 

♦ 

1.0*02 


1 .0*H202 

♦ 

1.0*02 


1. 0»H20 

♦ 

1 .0*MQ2 

= 

1 .0*0H 

♦ 

1 .0*H02 

= 

1 .0*H20 

* 

1 . 0*OH 


REACTION RATE VA 
A 


IABLES 

N 


2 .200006 
1 .80000E 
5 . 2000 OE 

6 . 300 00 E 
1 .5Q000E 
5.700006 
8.300006 
8.4Q00QE 
7.20000E 

1 . 300 00 E 
1.000006 
2. 500006 
5 . 0000QE 
5.0000QE 
1 .80000E 
1 . 00000E 
8 . 0 0 000 E 
3.20000E 


16 0 

10 1 

13 0 

12 0 

15 0 

13 0 

17 -1 

21 -2 

11 0 

17 0 

13 0 

14 0 

13 0 

13 0 

12 0 

13 0 

13 0 

14 0 


ACTIVATION 

ENERGY 

16790.00 

8900 .00 

6500.00 

1093.00 
- 1000.00 
-1788.00 

0.00 

0.00 

18700.00 

45500.00 

43000.00 

1900.00 

1000.00 
1000.00 

0.00 

1800.00 

iooo.ro 

9000.00 


ALL THIRD BOOT RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M(H2 

. 5) 

= 

5.00000 

M( 02 

. 5) 

= 

2.00000 

M( M20 

. 5) 

s 

32.50000 

M< H202 

. 10) 

= 

6.60000 


Mt H2 
M< 02 
MOI2Q 


7) = 5.00000 M(H2 

7) = 2.00000 M( 02 

7) 2 15.00000 MCH20 


8) s 4.00000 M(H2 

8) = 1.60000 M< 02 

8) 2 20.00000 M< H20 


10) : 2.30000 
10) 2 0.78000 
10) 2 6.00000 


INTEGRATION CONTROLS 


INITIAL STEP SIZE 


0. 100006-05 CM 


MAXIMUM RELATIVE ERROR 


0.10000E-05 


<« ASSIGNED VANTAGE E PROFILE 


OF FGOi-i Q JALi t'V 


THE PRESSURE IS CALCULATED FROM THE FOLLOWING POLYNOMIAL 
PRESSURE (ATM , = ( o.OOOOO>X.. S ♦ , . ( , . 00...E-.2 ,X , , 

AIR - FUEL COMBUSTION. EQUIVALENCE RATIO = OXYGEN FRACTION IN A„ . 

HEAT TRANSFER CASE QDOT (CAL/CM-SEC, X MHM.f.,, . « S.MSME .0,1 A 


E 0.00000 SEC 

flow properties 

PRESSURE 1.0S810E 04 

<LB/FT*»2> m QH 

VELOCITY 1 . 64424E 01 

(FT/SEC) 

DENSITY 4 . 24984E-02 

(LB/FT«»3) ° c 

T ?SEf R !! U " C I . 93500E 03 

v UcG R) 

HASS FLOW RATE 1.50427E 02 


"* INITIAL CONDITIONS ■« 
AREA 2.1527BE 00 SQ FT 


(LB/SEC) 
ENTROPY 
BTU/LB/OEG R) 
MACH NUMBER 


ENTHALPY 

(BTU/LB) 


3.70382E 00 
5. OOOOOE-Ol 
1.34905E 00 
8.S0740E 02 


AXIAL POSITION 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 FT 


0.00000 


HEAT LOSS (.DOT/HOOT) = 5..SJAE 00 OTU/TL.-FT, 


CONCENTRATION 
<nOLES/FT*»3> 
0.00000 
1 . 17957 E -03 
0.00000 
0.00000 
2 . 35914 E -03 
0.00000 
0.00000 
0.00000 


MOLE FRACTION 

0.00000 
3.33333E-01 
0.00000 
0 .00000 
4.444472-01 
0.00000 
0.00000 
0.00000 


CHEMICAL PROPERTIES 

"HiVlZlfl "OPTION REACTION RATE CONST 
RATE ( "°^E/FT|»ii3/5EC) NUMBER CCS UNITS 

1 8.4014E 10 

2 300I2E 11 

i 5 2 . 4805E 12 

J. J4/J1E-U 4 3 7749c 12 

’ 8 * 07 J°J E :;j 3 2.3955E 15 

; * l.sme u 

7 K7209E 14 

0a00 ®® 8 7 . 2488 E 15 

» 1.134SE 08 

10 7.3044E 07 

U 1.8114E 04 

12 1.0272E 14 

13 3.1309E 13 

1* 3.1309E 13 

13 1.8000E 12 

14 4.3058E 12 

17 5.0094E 13 

l« 4.7342E 12 

TOTAL ENERGY EXCHANGE RATE 1.49942E 04 
(BTU-FT»«3/LB*«2/SEC> ” 

-HALVE STEP SIZE -SAVE1 ( 8) s -0 3021387411-14 
-HALVE STEP SIZE -SAVE1 ( 8) = 

•HALVE STEP SIZE -SAVEK 8) “ -0 . 421 37 9140-14 


MIXTURE MOLECULAR WEIGHT 12.00940 

NEGATIVE CONCENTRATIONS 
NEGATIVE CONCENTRATIONS 
NEGATIVE CONCENTRATIONS 

TIME 4 . 90488E-04 SEC 


2 . 7 1149E 00 SO FT 


NET REACTION CONV RATE 
CMOLE-FT*»3/LB»"2/SEC) 
0.00000 
0 .00000 
0.00000 
0.00000 
0.00000 
•4 . 37 7 54E- 1 4 
-5.51077E-10 
0.00000 
0.00000 
0.00000 
4.47038E-01 
0.00000 
0 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

MASS FRACTION SUM i 


NET RATE/POSI- 


0.99999994 


FLOW PROPERTIES 

PRESSURE 
(L8/FT»»2> 
VELOCITY 
(FT/SEC) 
DENSITY 
UB/FT*»3) 
TEMPERATURE 
(DEG R) 

MASS FLOW RATE 
(L8/SEC) 
ENTROPY 
8TU/LB/DEG R) 
MACH NUMBER 


ENTHALPY 

(BTU/LB) 


AXIAL POSITION 7.48340E-01 FT 


1.10637E 04 
1.40721E 03 
3 • 94251 E-02 
2.20339E 03 
1.50477E 02 
3.77720E 00 
4.04874E-01 
1 . 33789E 00 
8 .41 37SE 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.39577E-01 


HEAT 10SS( QDOT/MDOT > = S.7343E 00 BTU/( LB-FT ) 


63 


r 

,'v 

V 

•PECIES 

CONCENTRATION 

MOLE FRACTION 


p 

II 

(MOLES/FT ** 3 ) 
3.96CB4E-04 

1.21692E-03 


k. 

02 

1.05585E-03 

3.24130E-01 


R- 

OH 

7.24131E-07 

Z.2309AE-OA 


r 't 

0 

5.408846-07 

1.44A53E-3A 


i 

H2 

2. 1192AE-03 

4. 52179E-01 


* 

H20 

4.27524E-05 

1.93114E-02 



H02 

4.418126-04 

1.351816-03 


* 

M202 

l . 98496E-04 

4 . U471E-04 


CHEMICAL PROPERTIES 


HET SPECIES PRODUCTION REACTION 
RATE (MOL E/ FT** 3/ 5 EC ) NUMBER 
1 * * 904 1 E 01 1 

-4.70494E 01 2 

Z . 74 1B4E 00 3 

Z17410E 00 A 

“O.B7117E 01 5 

0 . 1 2 121 E 01 4 

4.15404E-01 7 

-1 . 44121E 00 A 


MIXTURE MOLECULAR UE1GHT 


TOTAL ENERGY EXCHANGE RATE 
(BTU- FT** 3/ 18**2/ SEC) 


ON RATE CONST 

R CGS UNITS 

2 . 21 10E 11 
5.47A7E 11 
3.5934E 12 
4.0197E 12 
2 . 2427E IS 
1.1888E 1 A 
4.760SE 1A 
5.4059E 1) 
3 . 301 1 E 08 
9.7824E 08 
2.1031E 05 
1.144BE 1A 
3.31A6E 13 
3.31A4E 13 
1.8000E 12 
4.7712E 12 
5.303AE 13 
7.9123E 12 

“A . 94293E 00 


NET REACTION CONV RATE NET RATE/ 
<M0LE-FT**3/LB*"2/SEC) TIVE DIR 
0.A8A84E 03 0. 

4 . 480A3E 03 0. 

5.48032E OA 0. 

8.20010E 00 0. 

2 . 30527E OA 0. 

1.845S0E-I2 1. 

2 . 3087 AE 01 1. 

3.03782E 01 1. 

3.1B582E 01 1. 

1.18008E 02 0. 

A.8A0A0E 00 0. 

2.0AA83E OA 1. 

8 . 14A23E 02 1. 

1.00A2AE 03 1. 

3.4189SE 02 0. 

7.08088E 01 0. 

5 .371526 02 0. 

4 . A1724E 02 1. 

MASS FRACTION Sgn 0.00000023 


E A.01182E-OA SEC 

FLOW PROPERTIES 

PRESSURE 
( LB/FT**2) 
VELOCITY 
(FT/SEC) 

DENSITY 
( LB/FT »* 3 ) 
TEMPERATURE 
(DEG R) 

MASS FLOW RATE 
(LB/SEC) 

ENTROPY 
BTU/L8/DEQ R) 
MACH HUMBER 


ENTHALPY 

(BTU/LB) 


5 . 328S7E 00 50 FT 


AXIAL POSITION 7.403A4E-81 FT 


1 . 104A3E OA 
1.A087SE 03 
2 . 00483E'02 
A.82030E 03 
1.S0A27E 02 
A . 2SA3AE 00 
2 . 08812E-01 
1.2A037E 00 
8 . 41384E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


. 14A0O£«O3 


HEAT LOSS(ODOT/MOOT) 


1.2500E 01 BTU/CLB-FT) 


CHEMICAL PROPERTIES 


CONCENTRATION 
(M0LES/FT**3) 
2 . 1 AAZSE-OA 
9.74220E-Q5 
1 .53992E-Q4 
8. 71414E-0S 
2 . 49B086- 04 
4.77286E-0A 
3 . 1 14 3AE-07 
5. 33938E-08 


MOLF FRACTION 

• .A7717E-01 
4.5S834E-02 
1 . 036F4E-01 
3 . 84 744 1-32 
1 .48U9E-01 
4.55943E-01 
2. 097896-04 
3. 59AA2E-05 


NET SPECIES PRODUCTION 
RATE (M0LE/FT**3/SEC) 
-5 . 01000E 02 
-1.80957E 02 
2.25529E 02 
-1.17404E 02 
-1.I8343E 02 
2.57041E 02 
-1.145446 00 
-3.813196-01 


REACTION 

NUMBER 

1 

2 

3 
A 
5 

4 

7 

8 
9 

10 

11 

12 

13 
1A 
IS 

14 

17 

18 


RATE CONST 
CGS UNITS 
9 . 379AE 12 
9 . 05 1 9E 12 
1.5330E 13 
5.13036 12 
1.8101E 15 
7.9762E 13 
3.099AE 1A 
1 . 1713E 15 
2.1A39E 10 
2.5154E 13 
3.0955E 09 
1.7A9AE 1A 
A.1A3AE 13 
A.1A3AE 13 
1.8000E 12 
7.1302E 12 
4.4295E 13 
5.8973E 13 


NET REACTION CONV RATE 

NET RATE/POSI- 

(MOLE-FT**3/LB**2/SEC) 

TIVE 01R RATE 

1 . 72522E 

OA 

0.00214 

1 .8A872E 

05 

6. 02358 

2 . 23126E 

05 

0.00951 

-6. 97244E 

OA 

0. 01421 

5.A9307E 

05 

0.93149 

3 . 7 122AE 

02 

0.99411 

1 . 1 A2A 0 E 

05 

0.99402 

3.80794E 

05 

0.99404 

4.2433AE 

01 

0.9A38A 

-3.9SAA2E 

OA 

0.12594 

7 . 4 993 1 E 

01 

0.02570 

A . 48797E 

OS 

0. 94330 

A.22189E 

OA 

0.9A317 

7.A52506 

• A 

0 . 94235 

1 . 9081 AE 

00 

0.27445 

2.1A4A4E 

03 

0.92055 

1 . 13899E 

•A 

0 . 921 48 

2.7358AE 

OA 

• . 99540 


MIXTURE MOLECULAR WEIGHT 


TOTAL ENERGY EXCHANGE RATE 
(BTU-FT«*3/LB*»2/SEC) 


-2.0A909E 11 


MASS FRACTION SUM 


TIME A . 91295E-0A SEC 


FLOW PROPERTIES 

PRESSURE 
( LB/FT* *2 ) 
VELOCITY 
(FT/SEC) 

OEMS I TY 
(L6/FT**3) 
TEMPERATURE 
(DEG R) 

MASS FLOW RATE 
(LB/SEC) 
ENTROPY 
BTU/L8/DEG R) 
MACH NUMBER 


ENTHALPY 

(BTU/LB) 


AREA 3.7A149E 00 SO FT 


AXIAL POSITION 7.41307E-B1 FT 


1.104AAE OA 
1 . A06A3E 03 
1 . 84240E-Q2 
5 . 32857 E 03 
1.50A27E 02 
A.27053E 00 
2 . 89213E-01 
1.23759E 00 
8.4U90E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


B . 31 1BSE-03 


MEAT l 0S3( QDOT/MOOT ) = 


1.3921E 01 BTU/(IB-FT) 


64 





CHEMICAL PROPERTIES 


OF I 


SPECIES 

H 

02 

OH 

0 

M2 

H20 

H02 

H202 


CONCENTRATION 
<riOl.eS/FT**3) 
1 .64226E-04 
7 . 984086-05 
1 .561516-0* 

6 . 96 923E- 05 
2.257016-04 
6.470246-04 
2.250306-07 
2.430516-08 


MOLE FRACTION 

1.222116-01 
5.941486-02 
1. 16203E-01 
5. 186276-02 
1 .679S9E-0L 
4. 821636-01 
1 .67460E-04 
1.957546-05 


MIXTURE MOLECULAR HEIGHT 13.S6086 


NET SPECIES PRODUCTION 
RATE (MOLE/ FT **3/SEC ) 
-2.39616E 02 
-5.97115E 01 
6.341016 01 
-7.611956 01 
-4.45877E 01 
1.32966E 02 
- 2 . 829746-01 
-1.33918E-01 


REACTION 

NUMbER 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


TOTAL ENERGY EXCHANGE RATE 
(8TU-FTHH3/LBHM2/5EC) 


( GCKP ) END OF THIS CASE 


READ DATA FOR NEXT CASE 


RATE CONST 
CGS UNITS 
1.26736 13 
1.17376 13 
1 . 7224E 13 
5.23186 12 
1.77796 15 
7.7246E 13 
2.8037E 14 
9.58526 14 
2.99766 10 
5.6865E 13 
6.6906E 09 
1 .81086 14 
4 . 2184E 13 
4.2184E 13 
1.8000E 12 
7.3640E 12 
6.7494E 13 
6.9297E 13 

1.250696 11 


NET REACTION CONV RATE 

NET RATE/POSI- 

(MOLE-FTaM3/LB««?/SEC> 

TIVE OIR RAT; 

-6.470366 

04 

0.00836 

8.665276 

04 

0.01017 

1 .02902E 

05 

0.00367 

-3.864316 

04 

0.00652 

3.1S323E 

05 

0.80442 

3.57713E 

02 

0.95937 

4.10996E 

04 

0.95861 

2.506166 

05 

0.95276 

5 . 54 98 IE 

01 

0.78951 

- 1 . 8487 1 E 

04 

0.05221 

1 . 00731E 

01 

0.00181 

2.43584E 

05 

0.78873 

2.41456E 

04 

0.79050 

5.40062E 

04 

0.78913 

-1 . 00266E- 


0.02327 

1. 10893E 

03 

0.79403 

4.543896 

03 

0.79538 

1.32202E 

04 

0.95649 


MASS FRACTION SUM 0.99999374 


TIME-PRESSURE VERSION GENERAL CHEMICAL KINETICS PROGRAM 

GCKP84 CH4 - AIR RICH MECH. BATCH RXN WITH OTTO CYCLE HEAT LOSS 


NASA LEWIS RESEARCH CENTER 
CASE 5 


REACTION 

NUMBER 


REACTION 


1 

2 

3 


5 

6 


8 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 




1.0NH 

♦ 

1 . 0*CM4 
1 . 0 *CH4 

1.0*0 

♦ 

1.0MCH4 

1 .0*OH 

♦ 

1 . 0*CH4 

1 . 0*CM 

♦ 

1.0*02 

1.0HCH2 

♦ 

1.0*02 

1.0*CH3 

♦ 

1.0*02 

1 .0*CH3 

♦ 

1 .0*0 

1 . 0*CH2C 

♦ 

l.OHH 

1 . 0*CH2O 

♦ 

1.0*0 

1 .0*CH20 

♦ 

1 .0*OH 

M 

♦ 

1 . 0*CH20 

1.0*0 

♦ 

1 . ONHCO 

1 . Q*HCO 

♦ 

1.0*0 

1 .QMHCO 

♦ 

1 . 0*H 

1 . 0*HCO 

♦ 

1 .0*OM 

M 

♦ 

1 . Q*HCO 

i.o*co 

♦ 

1.0*OH 

1.0"CO 

♦ 

1.0*0 

1 . o*co 

♦ 

1.0*02 

1 . 0*H 

♦ 

1.0*02 

1.0*0 

♦ 

1 . 0*H2 

1 .0*H2 

♦ 

1.0*OH 

1 .0*OM 

♦ 

l.O*OH 

1 . Q*M 

♦ 

1.0*02 

1.0*0 

♦ 

1.0*0 

1 .( »H 

♦ 

1.0*H 

1 . 0*H 

♦ 

l.OMOH 

1.0*0 

♦ 

1. 0*M 

1.0MH 

♦ 

1 .0»CH3 

1.0*0 

♦ 

1 . 0 *CH3 

1.0HQH 

♦ 

1 . 0 *CM3 

1 .0*M02 

♦ 

l.OHNO 

1.0*0 

♦ 

1.0RN02 

l . 0*NO 

♦ 

1.0*0 

1.QHN02 

♦ 

1 .0*H 

1.0KN 

♦ 

1.0*02 

1.0*0 

♦ 

1.0*N2 

1 .0*N 

♦ 

l.OMOH 

1 . 0*CH 

♦ 

1.0MN2 

1 . 0*CN 

♦ 

1.0MH2 

1.0*0 

♦ 

l.OMHCN 

l.ONOH 

♦ 

l.OMHCN 

1 .0»CN 

♦ 

1.0*0 

1.0*CN 

♦ 

l.OMOH 

1 .0*CN 

♦ 

1.0*02 

1 .0*CN 

♦ 

1.0MC02 

1.0*0 

♦ 

l.OMNCO 

1 . 0*N 

♦ 

l.OMNCO 

1 . 0*H 

♦ 

l.OMNCO 

1 . 0*H2 

♦ 

l.OMNCO 

l.OMHNCO 

♦ 

l.OHH 

1.0*NH 

♦ 

l.OMQH 

1 . 0*CH 

♦ 

1.0MC02 

l.ORCH 

♦ 

l.OHNO 

l.OttCH 

♦ 

l.OHNO 

1 .0*M 

♦ 

1.0MCH2 

1.0*0 

♦ 

1.0HCH2 

l.OMOH 

♦ 

1.0MCH2 

1 .0*H 

♦ 

1.0MH02 

1 . 0*M 

♦ 

1 . 0MH02 

1.0*0 

♦ 

1.0MH02 


5 

1 . 0*CH3 

♦ 

l.OHH 

2 

1 . Q*CH3 

♦ 

l . 0*H2 

2 

1 . 0*CH3 

♦ 

l.OMQH 

2 

1 .0«CH3 

♦ 

1.0MH20 

- 

l.OMNCO 

♦ 

l.OMO 

- 

1 .0*CH2O 

♦ 

1.0*0 

* 

1 .0*CH2O 

♦ 

l.OMOH 

2 

1 . 0MCH2O 

♦ 

1 .0»M 

- 

1 . OMHCO 

♦ 

1 .0»H2 

2 

1 -OMHCO 

♦ 

l.OMOH 

2 

1 .0*HCO 

♦ 

1 . 0*H20 

= 

1 .OMHCO 

* 

l.OHH 

2 

1 . 0*M 

♦ 

1.0MCO2 

2 

l.OMCO 

♦ 

l.OMOH 

2 

1 .o«co 

♦ 

j . 0*H2 

2 

l.OMCO 

♦ 

1.0HH2O 

2 

1 .OHM 

♦ 

1 . OMCO 

2 

1 .OMC02 


1 . 0 *M 

2 

1 .OMC02 

♦ 

H 

- 

1 .0* C02 

♦ 

1 . a*n 

2 

l.OMOH 

* 

1 . 0*U 

2 

l.OMOH 

♦ 

1 . OMH 

2 

1 .OMH20 

♦ 

l.OHH 

s 

l.OMO 

♦ 

1.0MH20 

= 

1.0MH02 

♦ 

fl 

- 

1.0*02 

♦ 

n 

2 

1 . 0* M2 

♦ 

H 

2 

1 .OMH20 

♦ 

n 

s 

l.OMOH 

♦ 

n 

X 

1 . 0*H2 

♦ 

1.0MCH2 

2 

l.OMOH 

♦ 

1 .0MCH2 

r 

1.0MH20 

♦ 

1.0MCH2 

“ 

1.0NN02 

♦ 

l.OMOH 

2 

l.OHNO 

♦ 

1.0*02 

s 

1.0HNO2 

♦ 

fl 

X 

l.OHNO 

♦ 

l.OMOH 

: 

l.OHNO 

♦ 

1 . 0*0 

2 

l.OHNO 

♦ 

l.OHH 

X 

l.OHNO 

♦ 

l.OHH 

: 

l.OMHCN 

♦ 

l.OHH 

: 

l.OMHCN 

♦ 

l.OMH 

s 

l.OHH 

♦ 

l.OMNCO 

s 

l.OMHNCO 

♦ 

l.OHH 

s 

l.OMCO 

♦ 

l.OMN 

X 

l.OMNCO 

♦ 

l.OHH 

s 

l.OMNCO 

♦ 

1.0*0 

X 

l.OMNCO 

♦ 

l.OMCO 

s 

l.OHNO 

♦ 

l.OMCO 

X 

1.0MN2 

♦ 

l.OMCO 

s 

l.OMNH 

♦ 

l.OMCO 

: 

l.OMHNCO 

♦ 

l.OHH 

2 

1.0MNH2 

♦ 

l.OMCO 

s 

l.OHH 

♦ 

1.0HH20 

s 

l.OMNCO 

♦ 

l.OMCO 

s 

l.OMN 

♦ 

1. OMHCO 

X 

l.OMO 

♦ 

l.OMHCN 

- 

1 . 0 *H2 

♦ 

l.OMCH 

2 

l.OMOH 

♦ 

1 .OMCH 

2 

1.0HH20 

♦ 

l.OMCH 

~ 

l.OMOH 

♦ 

l.OMOH 

2 

1.0*0 

♦ 

1 .0*H20 

= 

l.OMOH 

♦ 

1.0*02 


REACTION KATE VARIABLES 
A N 


2 . OOOOOE 

15 

0.0000 

1.26000E 

14 

0.0000 

2. OOOOOE 

13 

0.0000 

3. OOOOOE 

13 

0.0000 

1. OOOOOE 

13 

1.0000 

1. OOOOOE 

14 

0 .0000 

1.70000E 

12 

0.0000 

6 .800006 

13 

0.0000 

2. OOOOOE 

13 

0.0000 

5. OOOOOE 

13 

o.oooo 

5. OOOOOE 

15 

0.0000 

5. OOOOOE 

16 

0.0000 

5.30000E 

13 

0.0000 

3. OOOOOE 

13 

0.0000 

2. OOOOOE 

13 

0.0000 

3. OOOOOE 

13 

0.0000 

3. OOOOOE 

14 

0 . 0000 

4. OOOOOE 

12 

o.ooeo 

2.80000E 

13 

0.0000 

1 . 20000E 

11 

0.0000 

2 . 20000E 

14 

0.0000 

1 .800006 

10 

1 . 0000 

5 . 2Q000E 

13 

0 .0000 

6. 30000E 

12 

0.0000 

1 .50000E 

15 

0 . 0000 

5.70000E 

13 

0.0000 

S.'OOOOE 

17 

-1.0000 

8.40000E 

21 

-2.0000 

6.20000E 

16 

-0.6000 

2.700006 

11 

0.6700 

1. OOOOOE 

11 

0.6800 

2.70000E 

11 

0.6700 

1.20000E 

13 

0.0000 

1. OOOOOE 

13 

0.0000 

5.6201QE 

15 

0.0000 

2. OOOOOE 

14 

0.0000 

6. OOOOOE 

09 

1.0000 

1.80000E 

14 

0.0000 

4. OOOOOE 

13 

0.0000 

1.50000E 

11 

0.0000 

6. OOOOOE 

13 

0.0000 

5.20000E 

12 

0.6800 

4. OOOOOE 

11 

0.0000 

1.20000E 

13 

0.0000 

2.500006 

14 

0.0000 

3.20000E 

13 

0.0000 

3.70000E 

12 

0.0000 

2. OOOOOE 

13 

0.0000 

1. OOOOOE 

13 

0.0000 

2. OOOOOE 

13 

0.0000 

1. OOOOOE 

14 

0.0000 

1 .OOOOOE 

14 

0.0000 

5. OOOOOE 

11 

0.5000 

3 . 70000E 

12 

o.ooeo 

1. OOOOOE 

14 

0.0000 

1. OOOOOE 

13 

0.0000 

2.90000E 

11 

0.7000 

3 . 2000QE 

11 

0.5000 

5. OOOOOE 

11 

0.5000 

1.40000E 

14 

0.0000 

1. OOOOOE 

13 

0.0000 

1. OOOOOE 

13 

0.0000 


ACTIVATION 

ENERGY 

104000.00 

11900.00 

9200.00 

6000.00 
0.00 

3700.00 

14000.00 

0.00 

3300.00 

4570.00 

13000.00 

72000.00 
0.00 
0.00 
0.00 
0.00 

14700 .00 

8000.00 
- 4540.00 

35000.00 

16790.00 

8900.00 

6500 . 00 

1093.00 
- 1000.00 
- 1788.00 

0.00 

0.00 

0.00 

25700.00 
25700.00 

25700.00 

2380.00 

596.00 
- 1160.00 

795.00 

6250.00 

76250.00 
0.00 

19000.00 

5300.00 

8100.00 
2800.00 

0.00 

6000.00 

1000.00 

0.00 

0.00 

0.00 

0.00 

9000.00 

8500.00 

1999.00 
0.00 
0.00 
0.00 

26000.00 
26000.00 

6000.00 

1070.00 

1000.00 

1070.00 


f 


65 


63 
66 
45 

64 


l.O*OH 
1.0MCH3 
1 . 0 *M 2 
1 . 0»MCO 


n<02 

M( M20 

m<co 


25) = 2.00000 
25) s 32.50000 
25) = 2.00000 


1 . 0HHO2 
1 . 0**OH 
l • 0*H02 
1 - 0*02 


1 . 0"M20 
1 .0*CH20 
1 . 0 *H20 
1 - 0*CO 


Hl THIRD body ratios are 


mo2 

MCH20 

mco 


28) = 
28) = 
28) = 


1.60000 

20.00000 

1.60000 


1 . 0*02 
1 . 0 *H 2 
1 .0»OM 
1 .0*»M02 


7.100006 12 
7.6<,600E 12 
7.200006 11 
3.00000E 13 


1.0 EXCEPT THE FOLLOWING 


H(M2 

M(C02 

M<CH6 


25) 

25) 

23) 


2.00000 

7.30000 

5.00000 


M(N2 

M(C02 

M<M2 


0.0000 

o.cooo 

0.0000 

0.0000 


» 28) 
. 28) 
» 25) 


0.00 
0.00 
18700 . 00 
0.00 


1.60000 

7.50000 

5.00000 


INITIAL STEP SIZE 0. 100006-09 SEC 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE error 0.50000E-06 


PRESSURE (ATM 


11 assigned variable profile *• 

E PRESSl IS CALCULATED FROM THE FOLLOWING POLYNOMIAL 
> = ( 0. 00000)1. .J . « 0 . 00000 ) T.. 2 . , 7.00000E 02)T 


2.00000E, 00) 


meat transfer case wall temperature = 


1000.00 OOOT COMPUTED FROM TRANSPORT PROP. DATA 


** INITIAL CONDITIONS mm 


TIME 0.00000 SEC 


AREA 


0.00000 SQ CM 


AXIAL POSITION 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(cn/SEo 

OENSITY 
(GM/Cn**3) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL/GM/DEG K) 
macm number 

GAMMA 

enthalpy 

(C.U/GM) 


2.00000 

0.00 

4 . 2991 3E-Q6 
1510.00 
0.00000 
2.2698 
0.0000 
1.2327 
2 . 9750 1 E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 CH 


0 


0.00000 

0 


0 


0 


MEAT l05S<900T/T0Tn*S) = 7.0U2E 01 CH/(G-$EC> 


CHEMICAL PROPERTIES 


SPECIES 

CM6 

CH3 

H 

M2 

0 

ON 

H20 

CH 

02 

HCO 

CH2 

CH20 

C02 

CO 

H02 

NO 

N02 

N 

N2 

HCN 

CN 

NCO 

MNCO 

NM 

NH2 


concentrath 

(MQLES/Cn** 
2 . 7866 0E-Q< 
0.00001 
0 . 00001 
0. 0 0 0 0 ( 
0 . 0000( 
0 . 0 0 0 o c 
o.ooooc 

4 - 86266 E* 1 ( 
2. 78660E-0C 
O.SOOOC 
1 . 6 16 1 5E- H 
0.00000 
o.ooooc 
9.00000 
0.00000 
0 .00000 
0 .00000 
1 61615E-10 
l ■ 057 16E-03 
0.00000 
1 .01615E-10 
0 .00000 
0 . 00000 
0.00000 
0 .00000 


MOLE FRACTION 

1.72503E-01 
0 . OOOOO 
0 .00000 
0.00000 
0 . OOOOO 
0 . 00000 
0.00000 
3 . 0 0 00 6 E-05 
1-72S03E-01 
0.00000 
1 .00002E-05 
0.00000 
0.00000 
0.00000 
0. 00000 
0.00000 
0.00000 
1 . OOO02E-OS 
4 • 36933E-01 
0.00000 
1.00002E-05 
0 .00000 
0 . OOOOO 
0.00000 
0.00000 


NET SPECIES PRODUCTION 
RATE (MOLE/CM-iS/SEC) 
-6. 93563E-06 
4.93563E-Q6 
6.93563E-06 
0.00000 
3. 76268E-02 
0 .00000 
0.00000 
-1.36866E-02 
-3.76248E-02 
1.36833E-02 
-1.30965E-02 
1.30965E-02 
0.00000 
0.00000 
0.00000 
5.6105IE-06 
0.00000 
-5.3968SE-06 
”1.365606-06 
1 . 36 56 0 E- 06 
-1.03060E-02 
1.030606*02 
0 . OOOOO 
0 .00000 
0 . 00000 


REACTION 

NUMBER 

1 

2 

3 

6 

5 

6 

7 

8 
9 

10 

11 

12 

13 

16 

15 

16 

17 

18 

19 

20 
21 
22 
23 
26 

25 

26 

27 

28 

29 

30 

31 

32 

33 
36 
35 


RATE CONS 
CGS UNIT 
1.7725E 0 
2.3879E 1 
9 . 321 IE 1 
6 . 06 1 7 E 1 
1.0000E 1 
2.9139E 1 
1.4Q01E 1 
6.8000E 1 
4.65896 1 
1.0903E 1 
6.5677E 1 
1.8970E 0 
5.3000E 1 
3.Q000E 1 
2.0000E 1 
3 . 0000 E 1 
2.2362E 1 
2.7809E 1 
1.2713E 1 
1.0313E Oi 
8.1719E 1 
1.3999E l; 
3.9597E i; 
4.3767E l; 
2.0933E li 
1.0363E 1< 
5.6967E 1< 
3.6869E 1! 
7.6737E 1-1 
6.9637E 01 
5.2576E 01 
6.9637E 01 
5.62896 12 
8.19866 12 
8.2723E 13 


* CACTI °H CONV RAT 

<M0LE-CM**3^Gfm*2/SEC 
2.67032E 01 
0.00000 
0.00000 
0.00000 
7.29515E 06 
7.08588E 06 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
”4.316366-06 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


NET RATE/POSI- 

tive dir rate 
1.00000 
0.00000 
0.00000 

9.00000 

1 . 00000 

1 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


0.00000 
1 . 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0. OOOOO 
0.00000 
0.00000 
0.00000 


66 


* 



civ.: .. 

OF PO 


36 

2.2250E 

14 

0.00000 

0.0000 

37 

1 . 20 38E 

12 

2.92737E 03 

1 . OOOQ 

5 A 

1 .6S67E 

03 

0 .00000 

o.oooo 

39 

4 . OOOOE 

13 

0 . 00000 

0 . oooo 

40 

2.6674E 

08 

7.38858E 00 

l 0000 

41 

1.02S8E 

13 

0 .00000 

) 0 0 00 

42 

5.07406 

23 

0.00000 

0.0000 

43 

l . 57 J3E 

11 

0.00000 

0 00 0 o 

44 

1.2000E 

13 

0.00000 

0.0000 

45 

3. 3848E 

13 

0.00000 

0 . 0000 

46 

2.2931E 

13 

5.576076 04 

1 . 0000 

47 

3.70006 

12 

0 .03000 

o . oooo 

48 

2. OOOOE 

13 

0.00000 

0 .0000 

49 

1. OOOOE 

13 

0.00000 

0 .0000 

50 

2. OOOOE 

13 

0.00000 

0.0000 

51 

4.9B18E 

12 

0.00000 

0 . oooo 

52 

5 . 8851 E 

12 

0.00000 

0 .0000 

53 

9 . 980 IE 

12 

0.00000 

0 . oooo 

54 

3. 7000E 

12 

0.00000 

0.0000 

55 

1 .OOOOE 

14 

0.00000 

0.0000 

56 

1. OOOOE 

13 

0.00000 

0.0000 

57 

8.4Q57E 

09 

0.00000 

0.0000 

58 

2. 1455E 

09 

0.00000 

0.0000 

59 

2.6306E 

12 

0.00000 

0.0000 

60 

9.8008E 

13 

0.00000 

0.0000 

61 

7. 1658E 

12 

0.00000 

0 . oooo 

62 

1 -1201E 

13 

0.00000 

0.0000 

63 

7.9000E 

12 

0.00000 

0.0000 

64 

7.4000E 

12 

0.00000 

0 .0000 

65 

1.4151E 

C 9 

0.00000 

o.ooto 

64 

3. OOOOE 

13 

0.00000 

0.0900 


MIXTURE MOt ECUL AR WEIGHT 26.63463 TOTAL ENERGY EXCHANGE RATE -9.98687E 09 

(CAl-CM»*l/GM**2/SEC ) 

NEGATIVE CONCfNTRAT IONS-MAl VE STEP SIZE -5AVE1(25> = -0 125443090-21 

REYNOLDS NUMBER =4.5118£ 01 PRANOU NUt'.BER = 0.744 HEA TRANSFER COEFF =5 0594ZE- 

REYNOLDS NUMBER =4 . 51 1 IE 03 PRAMDTL NUMBER = 0.744 MEAT TRANSFER COEFF : 5 05919E- 

RETNOLDS NUMBER =4.5J09E 03 PRAMOU NUMBER = 0.744 HEAT TRANSFER COEFF = 5.05905E- 

NEGATIVE CONCENTRATIONS'*’ HALVE STEP SIZE -SAVEl(ll) = -0 . 3443530BD-12 

REYNOLDS NUMBER ^4.51086 03 PRANDTL NUMBER = 0.744 HEAT TRANSFER COEFF = 5.05903E- 


MA5S FRACTION SUM 


0.99999*182 


PREDICTOR TROUBLE FOR Yll, VALUE = *0.13979163024021080*12. T= 0. 2205060371 52793D-06, 


0.14188849239004570*07 


CUT STEP SIZE BY 0.600000Q4D 00 

REYNOLDS HUMBER =4.S108E 03 PRANDTL NUMBER = 


0.744 HEAT TRANSFER COEFF = 5.059C8E-04 


TIME 5 . OOOOOE-Q4 SEC 


AREA 


0.00000 SQ CM 


AXIAL POSITION 


0.00000 CPI 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
( GM/CM* ■ 3 ) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(CM/SEC) 
ENTROPY 
CAL/GM/DEG K) 
MACH HUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


2.35000 

0.00 

4.48773E-04 
1487. OS 
0.00000 
2.3277 
0.0000 
1.2293 
3 . 14291 E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


29 

0.15517E-04 

155 


275 

45 


MEAT 105S( 9D0T/T0TMA5 ) = 9.4445E 01 CAL/CG-SEC) 


CHEMICAL PROPERTIES 


CH4 

CM3 

M 

M2 

0 

OH 

M20 

CH 

02 

HCO 

CM2 

CH2Q 

C02 

CO 

H02 

NO 

H02 

N 

N2 

rtCN 

CN 

NCO 

HNCO 

NH 

MM2 


CQNCENTRAT ION 
( MOL ES/CM" » 3 ) 
2 . 568 7 7 E- 06 
4.0504BE-08 
1 . 72309E-10 
8. 09474E-08 
8 . 1 2279E- 1 1 
l . 78712E-10 
1.891646-07 
9.045286-20 
2. 515216-06 

I . 999506-1 1 

J. 67055E-15 
1 . 31242E-07 
5. I 7715E-10 
1 .4414QE-Q7 
2.714276-08 
3.44S8C6-11 
1 . 34045E-10 
4.47839E-16 
1 . 10351E-05 
5 24 144E- 1 2 
2. 04252E-14 
4 . 521156-14 
1 .49042E-10 
9. 34 344 E- 1 3 
1 . 09009E-U 


MOLE FRACTION 

1 . S1321E-01 
2.38417E-03 
1 . 01504E-Q5 
4. 74844E-03 
4 . 78497E-04 
1 . 05323E-05 
2 . 2924CE-Q2 
5. 32839E-15 
1 .49345E-01 
1 . 17786E-04 
2. 14225E-10 
7 . 73236E-03 
3.049766-05 
9. 78818E-03 
1.598926-03 
2. 14767E-06 
7 .897526-06 
2.63813E-11 
6 .50057E-QI 
3. 08775E-07 
1 .20320E-11 
3 . 84 148E-09 
8. 779796-06 
5 . 50403E-08 
6 .42152E-07 


ECIES PRODUCTION 

REACTION 

RATE CONST 

( MOL 6/ CM » ■ 3/SEC ) 

NUMBER 

CCS UNITS 

-3.54537E-03 

1 

6.7343E 01 

S.86365E-04 

2 

3.6206E 12 

6.425026-07 

3 

1.28S9E 12 

1 .243506-03 

4 

5.0101E 12 

l . 92748E-06 

5 

1. OOOOE 13 

2.91970E-06 

4 

3.316SE 13 

4.71867 E- 0 3 

7 

2.6110E 10 

-2 . 3883SE- 14 

8 

6.8000E 13 

“3. 99597 £-03 

9 

7 .4 7 366 12 

5 . 346 026-0 7 

10 

1.27926 13 

-1 .41580 6-0 9 

11 

1.0349E 14 

1 . 7256 3E-04 

12 

2.3534E 07 

1 .252266-05 

13 

5.3000E 13 

2.77357E-03 

14 

3. OOOOE U 

1 .48667E-04 

IS 

2. OOOOE 13 

4.78925E-07 

16 

3. OOOOE 13 

-4.768956-07 

17 

J.7394E 12 

8. 01511 E- 12 

18 

3.6787E 11 

-2.088866-11 

19 

1.0847E 14 

-2 . 68 385E-08 

20 

3.5082E 04 

-1.544676-09 

21 

1 .470 IE 12 

2.121896-08 

22 

2.1352E 12 

-1 .69135E-07 

23 

7.4810E 12 

-1.724616-09 

24 

4.5472E 12 

l .76030E-07 

25 

2.0213E IS 


24 

9.7163E 13 


27 

4.919BE 14 


28 

2.9514E 15 


29 

7.1798E 14 


30 

1.8375E 10 


31 

1.3928E 10 


NET REACTION CONV RATE 
< MOL E -CM* ■ S/GM»* 2/SEC ) 
8.17290E 01 
5.57720c 03 
1.33080E 03 
1.06141E 04 
1 . 1 38436-05 
1.53208E 00 
1.33138E 04 
1.11093E 03 
8.39253E 02 
4.77230E 02 
1.20588E 04 
2.60324E 02 
4.27414E-01 
2.41912E-01 
3.421236-01 
5.32513E-01 
6.30124E 03 
5.42347E 01 
1 -23396E-01 
7.33799E 00 
3.18785E 03 
6 . 94550 E 01 
4.09987E 02 
-4 . 59852E 01 
-3.88229E 01 
-1.70342E-04 
8.24245E-04 
1 .35493E-02 
8.46007E-04 
4 . 367 74E-0 1 
2.27540E-01 


NET RATE/POS 
TIVE DIR RA 
0.095 
0.700 
0.978 
0.929 
1.000 
0.999 
1.000 
1.000 
0 . 999 
1.000 
0.999 
0.999 
1.000 
1.000 
0.999 
0.999 
0.999 
0.999 
1.000 
1 . 000 
0.999 
0.994 
0.742 
0.984 
0.942 
0.7592 
0.649 
0.921 
0.998 
0.999 
1.000 
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32 

1 .83756 

10 

4 . 40 748E-01 

0.99999 

33 

5 . 900 IE 

12 

2.80743E 01 

0 . 94847 

34 

8.3713E 

12 

4.51453E-01 

0.99781 

35 

7.9434E 

15 

-3 . 751596 00 

0.99947 

34 

2.2878E 

14 

2.42410E 01 

1.00008 

37 

1.4734E 

12 

9.43445E-03 

0.99994 

38 

2.3847E 

04 

1 . 0 37 18E-04 

0.97723 

39 

4.0000E 

13 

1 . 37585E-05 

0.84514 

40 

5.1847E 

08 

2 . 45232E-0 9 

0.95434 

41 

1.2347E 

13 

2.11 524E-04 

0.20848 

42 

7.2432E 

13 

1.43504E-01 

0.93457 

43 

1.7351E 

11 

-1 . 00 309E-02 

0.92550 

44 

1.2000E 

13 

9.88547E-07 

1.00000 

45 

4.1751E 

13 

-9.92B98E-05 

0.92915 

44 

2.3747E 

13 

4 . 08051 E-02 

0.99588 

47 

3.7000E 

12 

-5.32484E-02 

0.99994 

48 

2.0000E 

13 

5.24024E-04 

1.80000 

49 

l.OOOOE 

13 

l .45008E-09 

1.00000 

50 

2.0000E 

13 

8 . 1 0 144E-04 

0.72405 

51 

4.8248E 

12 

4 . 42448E-02 

0.24747 

52 

7.9225E 

12 

8.74043E-01 

0.84518 

53 

1.1313E 

13 

9 . 38330E-03 

0.99994 

54 

3.7000E 

12 

-2.50145E-08 

0.94475 

55 

l.OOOOE 

14 

1.44934E-09 

0.88513 

54 

l.OOOOE 

13 

-1.44400E-10 

0.50131 

57 

2.2553E 

10 

7 . 05994E-08 

0.99481 

58 

5.4303E 

09 

8 . 33503E-09 

0.99999 

59 

3.4297E 

12 

1 . 1 1475E-05 

0.99924 

*0 

1.0175E 

14 

2.34277E 03 

1.00000 

41 

7.4209E 

12 

1.72330E 02 

1.00400 

42 

1.142BE 

13 

1.27284E 02 

0.99993 

43 

7.9000E 

12 

1.89507E 02 

0.99552 

44 

7.4000E 

12 

2.44098E 02 

0.99998 

45 

2.7214E 

09 

2. 9491 56 01 

1.00000 

44 

3.0000E 

13 

7.53013E 03 

0.99723 


MIXTURE MOLECULAR WEIGHT 2*. *5433 TOTAL ENERGY EXCHANGE RATE -1.32949E 09 M, 

(CAL-CM**3/GM*«2/SEC) 

REYNOLDS HUMBER =4.3404E 03 PRANDTl NUMBER s 0.74* HEAT TRANSFER COEFF = 5.29740E-04 

NEGATIVE COHCEHTRATIQHS-HALVE STEF SIZE -SAVE1 ( 22 ) = -0 . 523492450-09 


MASS FRACTION SUM 


FREOICTOR TROUBLE FOR Y22, VALUE = -0 . 107921 14484412940-09. T- 0.5444190425347490-03, H* 0.54133243984017510-05 


CUT STEP SI2E BY 0.70000004D 00 


TIME 5.50000E-04 SEC 


0.00000 SQ CM 


AXIAL POSITION 


0.00000 tn 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(Gn/CP!«»3) 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 
(GM/SEC) 
EHTROPY 
CAL/GH/DEG K ) 
MACH NUMBER 


4.127 32E-04 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 


AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.7I429E-05 


ENTHALPY 

(CAL/GM) 


3.18235E 02 


HEAT LOSSCQDOT/TOTMAS) = 1.2214E 02 CAL/CG-SEC) 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 


r MOL ES/CHit » J ) 


RATE (MOLE/CM--3/SEC) 

HUMBER 

CH4 

2.04758E-04 

1 . 29375E-0 1 

-1 . 23142E-02 

1 

CHJ 

9.74333E-03 

4. 14891E-03 

2.54483E-03 

2 

H 

8.93043E-10 

5.44244E-05 

4.77494E-05 

3 

H2 

1 . 99517 E-07 

1 . 24043E-02 

5.38070E-03 

4 

0 

3 . 2 3448E- 1 0 

2. 04508E-05 

1. 38310E-05 

5 

OH 

4.50919E-10 

4. 1 1 280E -05 

2.708146-05 

4 

H20 

7 . 90905E-07 

4 . 99729E-02 

I .67298E-02 

7 

CH 

1.19378E-17 

7.542C3E-13 

1. 90276E-12 

8 

02 

1.98909E-04 

1 . 25479c- 01 

-1.29042E-02 

9 

MCO 

7.57 348E-1 1 

4 . 785 39E-04 

2. 04395E-04 

10 

CM2 

8. 77410 E- 14 

5.54513E-09 

9 . 431026-09 

11 

CM2 ^ 

1 . 02540E-07 

4.48019E-03 

-l. 15814E-03 

12 

C02 

2.459406-09 

1 .48044E-04 

I . 312576-04 

13 

CO 

4 . 2 3272E-07 

2.47442E-02 

1.07 749E-02 

14 

M02 

2.23’ 39E-08 

1 .49989E-03 

-4 . 182406-04 

15 

NO 

9. 35493F-11 

5. S 1 084E-04 

2 . 54 923E-04 

14 

N02 

4. 344 74 E- 1 1 

4.Q1014E-04 

-2.54143E-04 

17 

N 

1.51087E-15 

9.54435E-11 

S.35154E-11 

18 

N2 

1 .014896-05 

4.41 252E-0 1 

-4. 948156-10 

19 

HCN 

3 . 0 1 9 3 IE- 1 2 

l . 9Q7Y5E-Q7 

-4 . 71244E-08 

20 

C N 

1 . 1139/E-15 

7 . 0 3855E-1 1 

1 . Q4434E-09 

21 

MCO 

1 . 4 l 78 1 E- 1 3 

8 . 958w9E-0 9 

-5 . 000926-09 

22 

MNCO 

1 -20947E-10 

7 .44326E-Q4 

-7.047246-07 

23 

N M 

7.384416-13 

4.44719E-08 

-3. 482296-09 

24 

NM2 

2.77 924E-1 1 

i. 754046-04 

7 . 54594E-07 

25 


RATE CONST 
CCS UNITS 
8.4167E 02 
4 . 8337 E 12 
1.4Q78E 12 
5.7940E 12 
l.OOOOE 13 
3.4283E 15 
3.6483E 10 
4.8000E 13 
8.0972E 12 
1.4294E 13 
1.4190E 14 
1.3522E 08 
5.30Q0E 13 
3.0000E 13 
2.0000E 13 
3.0000E 13 
S.3434E 12 
4.4475E 11 
9.7143E 13 
8.2074E 04 
2.2102E 12 
2.A853E 12 
8.7401E 12 
4.4495E 12 
1.9728E 15 
9.3035E 13 
4.5193E 14 
2.4904E 15 
4.8232E 14 
3.4334E 10 
2.7543E 10 
3.4304E 10 


NET REACTION CONV RATE 
( MOL E-CH»« 3/GMHM 2/SEC ) 
-1.17734E 03 
2 . 94554 E 04 
4.23721E 03 
3 . 758476 04 
1 . 3 9393E-03 
3.71754E 01 
4.18194E 04 
1.24145E 04 
4.35242E 03 
2.78538E 03 
S.540S0E 04 
1.28775E 03 
7.42687E 00 
4.31704E 00 
7.93974E 00 
8 . 48 i>*. 4E 00 
3.75842E 04 
7.20745E 02 
1 . 2 344 7£ 00 
4.05453E 01 
2.303Q9E 04 
1.08443E 03 
4.01005c 03 
-4 . 7887 IE 02 
-1.43949E 04 
-2 . 38140E-03 
2 . 04345E-02 
2 . 74 345E-0 1 
1 .82744E-02 
1.85802E 01 
5.10934E 00 
1.35438E 01 


NET RATE/POSI- 
TIVE DIR RATE 
0.10425 
0.57154 
0.99712 
0.82881 
1.00000 
0.99984 
1.00000 
1.00000 
0.99978 
1.00000 
0.99991 
0.99943 
1.00000 
1.00000 
0.99985 
0.99994 
0.99961 
0.99750 
0.99999 
1.00000 
0.99929 
0.99328 
0.40044 
0.98318 
0.91825 
0.72453 
0.41421 
0.84445 
0.99742 
0.99984 
1.00000 
0.99994 


& 
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- 31 

6.2312E 12 

7.44056E 01 

0.971J2 


34 

8.4933E 12 

1 .016696 00 

0.99245 

- 


35 

7.7228E 15 

-1.07041E 01 

0.99717 

1 A 


36 

2.3324E 14 

7 . 74 0 3 1 E 01 

0.11911 

i 

i 


37 

2.1205E 12 

3.73177E-02 

0.11967 

i 


38 

1.5112E 05 

2.90416E-03 

0.91136 



39 

4.0000E 13 

1 . 2 3 362E-04 

0.53420 

+ 


40 

8.22466 08 

5.84569E-07 

0.19135 

4 


41 

1.4043E 13 

1.340 796*02 

0.73171 

j* 


42 

9.3678E 13 

3.645V2E-01 

0.47842 

J 


43 

1 8572E 11 

-7 .4SS54E-02 

0.97206 

j 


44 

1.200QE 13 

2.53981E-05 

0.99111 



4 S 

4.8300E 13 

-2.43290F-03 

0.47208 

‘ -f 


46 

2.4310E 13 

3 , 135906*01 

n. = V 0 B 6 

« 


47 

3.7000E 12 

-3.308396-01 

*> *98 1 

! i 


48 

2.0000E 13 

5. 38781E-03 

*1000 


41 

1.0000E 13 

1 .25747E-08 

•; . ,‘917 

|» 


50 

2.0000E 13 

1 . 33448E-02 

v • ‘’as 

j- * 


51 

8.4920E 12 

3.555336-01 

"12 


52 

9.7389E 12 

4.42972E 00 

•* 724 

y 


53 

1.2391E 13 

3 . 4 96 3 IE-02 

V - 1 <72 

jv 


54 

3.7000E 12 

-7 . 79497E-07 

•. i ‘(51 

T 


55 

1.0Q00E 14 

6 . 4810QE-07 

: . - .C51 

I 


56 

1.0000E 13 

6 .063076-08 

: * .*-.64 

| 


57 

4.S002E 10 

2.051 7 5E-0 5 

fl 9vSS4 

I 


58 

1 . 10456 10 

1 .84170E-06 

1 . 91S->« 

J 


51 

4.1398E 12 

1 . 38325E- 0 3 

i:.4965? 

1 


60 

1.0442E 14 

1.22155E 04 

. . ?• u a •* 

l 


61 

7.6033E 12 

B.89424E 02 

: VIII s 

1 


62 

1.1134E 13 

5.05870E 02 

. .VII?-.* 

i 


63 

7.9000E 12 

4.65143E 02 

.• -8)4* 

f 


64 

7.4000E 12 

2.76062E 03 

c If '‘IV 

% 


45 

4.286QE 09 

1 .120146 02 

: c •* -. o ** 

•ft 


66 

3.0000E 13 

2.64040E 04 

0. -#'?3 

i I 

MIXTURE MOLECULAR WEIGHT 26.07826 

TOTAL ENERGY EXCHANGE RATE 

*5 . 39206E 09 

MASS FRACTION SUM 

l.oooooroo 


( CAL -CH« ■3/GN»»2/56C) 

REYNOLDS NUMBER -3.S115E 05 PRANDTL NUMBER = 0 . 746 HEAT TRANSFER COEFF = S.03061E-04 


PREDICTOR TROUBLE FOR Y22. VALUE 


-0.410BS8633667Q109D-09* 


0 .5715686683976410-03, 


H= 0 . 2105400805852992P-05 


CUT STEP SIZE BY 0.50000004D 00 

REYNOLOS NUMBER =S.14QQ£ 03 PRANDTL NUMBER = 0.731 
REYNOLDS NUMBER =2. 93446 03 PRANDTL NUMBER = 0.723 
REYNOLDS NUMBER =2.4334E 03 PRANOTL NUMBER = 0.707 
REYNOLDS NUMBER =2.31026 03 PRANDTl NUMBER = 0.476 


HEAT TRANSFER COEFF = 4.44693E-04 
HEAT TRANSFER COEFF = 4.52526E-Q4 
HEAT TRANSFER COEFF = 4.34565E-04 
HEAT TRANSFER COEFF s 4.17070E-04 


TIME 5 . 85000E-04 SEC 


AREA 


0.00000 SQ CM 


AXIAL POSITION 


0.00009 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(CM/SEC) 

DENSITY 

(G(t/cn»«3) 

TEMPERATURE 
(DEC K) 

MASS FLOVJ RATE 
(CM/SEC) 
ENTPOPY 
CAL/CM/DEC K) 
MACH HUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


2.40950 

0.00 

2.74460E-04 
2529.42 
0.00000 
2.4457 
0.0000 
1.2542 
3.19861E 02 


INTEGRATION INDICATORS 
STEP5 FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


34 

0 . 97222E-04 
19B 


3B2 

54 


HEAT LOSS(QDOT/TOTMAS) = 2.7197E 02 CAL/(G-5EC) 

CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


<rOLES/CM*«i> 


RATE (MOL E/CM" * 3/SEC ) 

NUMBER 

CCS UNITS 

(HOLE-CMi»»*3/GN««2/SEC> 

TIVE DIR RATE 

CH4 

1 .634366-07 

1 .407656-02 

-5.68816E-02 

1 

2.0658E 04 

1.01913E 05 

0.02274 

CHS 

1 . 17708E-07 

1 . 70283E-02 

-3.040386-02 

2 

1.1808E 13 

5.43181E 05 

0 . k8297 

H 

7 .492976-08 

6 . 45359E-0 3 

1 .277376-02 

3 

3.2072E 12 

1 . 641 91 E 04 

0.74417 

M2 

1 .059826-06 

9.128096-02 

1 . 20732E-0 1 

4 

9 .09296 12 

9.35930E 04 

0.19071 

0 

3. 17079E-01 

2 . 7 309SC-04 

-7 . 46464E-04 

5 

1.0000E 13 

8.54745E 02 

1.00000 

OH 

2 .48765E-08 

2 . 142586-0 3 

2. 873006-03 

4 

4.7897E 13 

4.94745E 04 

0.99998 

H20 

L .812266-04 

1.56087E-01 

3.37379E-02 

7 

1.0491E 11 

2.97804E 04 

1.00900 

CH 

5. 95296E-11 

5.12720E-04 

S.85835E-05 

8 

6.8000E 13 

5.65894E 05 

0.19111 

02 

l .08159E-07 

9. 31557E-03 

-7. 10748E-02 

1 

1.0373E 13 

8.79607E 04 

0.99644 

HCO 

4.7051 3E-10 

4 . 052466-05 

-1.28410E-04 

10 

2.0142E 13 

7.24354E 03 

0.99880 

CH2 

1 .010Z3E-01 

8. 701006-35 

4.43696E-04 

11 

3.7647E 14 

L. 0594 IE 06 

0.99621 

CH20 

8 . 55375E-01 

7 . 34722E-04 

-3.44808E-03 

12 

3.0054E 10 

3 . 94451 E 04 

0.11342 

C02 

8.21861E -08 

7 . 078576-03 

2 . 0Q980E-Q2 

13 

5.3000E 13 

1.Q4924E 03 

0.99941 

CO 

1 . 324666-06 

1 . 14Q91E-0 1 

7 . 00605E-02 

14 

3.0000E 13 

5 .932356 02 

0.99645 

H02 

1 .85178E-10 

1 .601806-05 

-1.70710E-04 

15 

2.0000E 13 

1.31173E 03 

0.99345 

NO 

1 .115286-10 

1.40574E-06 

2 . 44723E- 04 

14 

3.0000E 13 

4 . 4 3859E 03 

0.99309 

N02 

1 .014926-14 

8. 758426-10 

-8 . 04604E* 0 9 

17 

1 .41066 13 

1.16U2E 06 

0.19407 

N 

1 .48935E-12 

l .282746-07 

1 . 05895E-04 

18 

8.1431E 11 

2.65736E C5 

0.74590 

NZ 

6. 74885E-06 

5.81268E-01 

-2.34394E-04 

11 

6.9092E 13 

4.17542E 01 

0.93348 

MCH 

9.804 0 IE- 1 2 

8.44412E-07 

2.907096-06 

20 

1.13S2E 08 

2 . 14908E 02 

0.99536 

CH 

6 . 32118E-14 

5.44503E-09 

2.118356-08 

21 

7.7131E 12 

8.231136 05 

0.18172 

NCO 

1 .95812E-1 3 

1 .68450E-08 

-2 . 23294E-08 

22 

7.7500E 12 

2.22383E 05 

0.44322 

HNCO 

1 . 01 1 14E 1 1 

8.70884E-07 

- 1 . 69583E-06 

23 

1.4249E 13 

-4.42577E 05 

0.11400 

NH 

7 . 992316-13 

6.883736-08 

8 . 724 1 7 E-08 

24 

5.0488E 12 

-9.00886E 04 

0.48389 

NH2 

8 . 050 55E- 1 1 

4 .933826-06 

-4 . 75803E-08 

25 

1 .83026 15 

1.13423E 02 

0.00701 





24 

8.13S1E 13 

-1.47931E 00 

0.93018 





27 

3.2814E 14 

7.34143E 01 

0.24428 





28 

1.3121E 15 

2 . 8 7497E 02 

B. 17188 





21 

5.43Q9E 14 

1 . 52224E 01 

•. 73822 





30 

3.0942E 11 

3 .842036 04 

0.96273 






c: *• - 


31 

2. 3544 E U 

1.93492E 03 

0.98470 


32 

3.0162E 11 

1.93449E 04 

0.95794 

OF Pt • • * 


33 

7.4738E 12 

2.00694E 00 

0.97523 


34 

8.8819E 12 

-3.64576E-02 

0.90603 


35 

7.0789E 15 

-1 . 33449E-01 

0.25498 



34 

2.4758E 14 

2.01722E 00 

0.80549 



37 

4.6485E 12 

9.97543E 00 

0.99920 



3S 

4 . 4454 E 37 

1.31247E 01 

0.99454 



39 

4.0000E 13 

1 88085E 01 

0.95402 



40 

3.4232E 09 

1.42572E 01 

1.00000 



41 

2.0903E 13 

2 . 7 4550 E 00 

0.14747 



42 

2.13S9E 14 

-1.39593E 01 

0.13455 



43 

2.2914E 11 

-2.74B85E 00 

0.78744 



44 

1.2300E 13 

3.15754E-02 

0.98880 



45 

7.5774E 13 

-2.79414E 00 

0.43854 



44 

2.6227E 13 

2.26030E 00 

0.94943 



47 

3.7000E 12 

-2.52363E 00 

0.90814 



48 

2.0000E 13 

1 .44814E-01 

0.99982 



40 

1 . OOOOE 13 

3.74S15E-05 

0.94737 



50 

2.0000E 13 

3.77479E 00 

0.94901 



51 

1.4687E 13 

-2.04608E 01 

0.31007 



52 

1.6432E 13 

”8.97 143E-01 - 

0.00482 



53 

1.6895E 13 

2 . 4 1444 E 00 

0.58478 



54 

3.7039E 12 

2.4Q332E 02 

0.99994 



55 

1. OOOOE 14 

8.81143E 00 

0.99977 



54 

1 .OOOOE 13 

8.81341E-01 

0.99992 



57 

3.9630E 11 

2.71054E 02 

0.48043 



58 

9.123CE 10 

3.43769E 00 

0.88405 



59 

7 . 6 2 1 9 E 12 

1.62421E 03 

0.43953 



40 

1 . 1316E 14 

2.08322E 04 

0.99518 



41 

8.1959E 12 

1.49508E 03 

0.98474 



42 

1 . 29 32 E 13 

7.45481E 01 

0.73437 



43 

7.9000E 12 

8.055716 01 

0.14403 



44 

7.4000E 12 

4 . 8 3 1 3 4 E 05 

0 . 99994 



65 

1.7442E 10 

4.53899E 01 

C. 99454 



44 

3. OOOOE 13 

2.W48QE 04 

0.99411 

MIXTURE MOLECULAR WEIGHT 

2 3.4 3867 

TOTAL ENERGY EXCHANGE RATE 

-4.53716E 10 

MASS FRACTION SUM 

1.00000284 



< C AL “CM* » 3/GM* * 2/ SEC ) 





( GCKP ) END OF THIS CASE - READ DATA FOR NEXT CASE 



DISTANCE-PRESSURE VERSION 


GENERAL CHEMICAL 

KINETICS PROGRAM 

NASA LEWIS 

RESEARCH CENTER 



GCKPS4 METHANE 

” AIR 

LEAN MECM - 

NO CH 

REACTIONS CASE 6 




REACTION 



REACTION 



REACTION RATE VARIABLES 


NUMBER 







A 

N 

ACTIVATION 










ENERGY 

1 


1 .0*CM4 


l . 0*CH 3 

♦ 

1 .0*M 

2.Q00Q0E 15 

0 . 0000 

104000.00 

2 

1 .0*M 

♦ 1 . 0*CM4 


1 . 0 *CH 3 

♦ 

1 . 0*H2 

1.26000E 14 

0.0000 

11900.00 

3 

1 .0*0 

♦ 1.0*CH4 


l . 0 *CH 3 

♦ 

1 . 0*OH 

2.00QQQE 13 

0.0000 

9200.00 

4 

1 . 0*OH 

♦ 1 . 0*CM4 


1 . 0*CH 3 

♦ 

1 . 0*M20 

3.00Q00E 13 

0.0000 

6000.00 

5 

1 . 0-CH2 

♦ 1.0*02 


1 . 0*CH20 

♦ 

1.0*0 

l.OOOOOE 14 

0.0000 

3700.00 

4 

1 .0*CM3 

♦ 1.0*02 


1 . 0*CH20 

4 

1 . 0*OH 

1.70000E 12 

3.0000 

14000.00 

7 

1 .0*CM3 

♦ 1.0*0 


1 .0-CH2Q 

♦ 

l . 0*M 

6 . 8Q00 0E 13 

0.0000 

0.00 

8 

l .0»CH20 

♦ l . 0*H 

= 

1 . 0 *HCQ 

♦ 

1 .0*H2 

2 . 0 0 0 0 0 E 13 

0.0000 

3300.00 

9 

l .0-CH2O 

♦ 1.0*0 


1 . 0*HCO 

♦ 

1 . 0*OH 

5 . 0 00 0 0 E 13 

0 . 0000 

4570.00 

10 

1.0*CM2Q 

♦ l.O-OH 


1 .0»HCO 

♦ 

1 .0*M20 

5.00000E 15 

0.0000 

13000.00 

11 

M 

♦ 1.Q-CM20 


1 . 0 *HCO 

♦ 

1 . 0«H 

5.00000E 16 

0.0000 

72000.00 

12 

1.0*0 

♦ l.Q-HCO 


1 . 0*H 

♦ 

1 .0*C02 

5 . 30 0 00 E 13 

0.0000 

0 .00 

13 

1 . Q-MCO 

♦ 1.0*0 


l .o»co 

♦ 

1 .0*OH 

3.0Q000E 13 

o.oooo 

0.00 

14 

1 . 0*HCO 

* 1 .0*M 


1 .o*co 

♦ 

l .0»H2 

2 . 0 00 0 0 E 13 

0.0000 

O.OW 

15 

1 .0*MC0 

♦ 1 . 0*OH 


1 .0*C0 

♦ 

1 .0*H20 

3.0000QE 13 

0.0000 

0.00 

16 

M 

♦ 1 . 0 * M C 0 


l . 0*H 

♦ 

1 .o*co 

3 . 0 0 0 00 E 14 

0.0000 

14700.00 

17 

i .o*co 

♦ 1 . 0 *0H 


1 .Q*C02 

♦ 

1 . 0*H 

4 . 0 0 0 0 0 E 12 

0.0000 

8000.00 

18 

1 .o»co 

♦ 1.0*0 


l.O*C02 

+ 

M 

2 . 80 0 0 0 E 13 

0.0000 

-4540.00 

19 

l .o*co 

* 1.0*02 


1 .0*CQ2 

♦ 

1.0*0 

1.20000E 11 

0.0000 

35000.00 

20 

1 . 0 *H 

♦ 1.0*02 


1 .0*OH 

♦ 

1.0*0 

2.20000E 14 

0.0000 

16790.00 

?1 

1.0*0 

♦ 1 . 0 * M2 


1 . 0*OH 

♦ 

1 .0«H 

1.80000E 10 

1.0000 

8900. 00 

22 

1 . 0*M2 

♦ 1 Q * OH 


1 . 0 "H20 

♦ 

1 . 0*H 

5.20000E 13 

0.0000 

6500.00 

23 

1 .0*QM 

♦ 1 0*OM 


1.0*0 

4 

1 . 0*H20 

6 . 30 0 0 0 E 12 

0.0000 

1093.00 

24 

1 . 0 * H 

♦ 1.0*02 


l .0*HO2 

♦ 

M 

1 . 50 00 OE 15 

0 .0000 

-1000.00 

25 

I .0*0 

♦ 1.0*0 


1.0*02 

4 

M 

5 . 7 OOOOE 13 

0.0000 

-1788.00 

26 

1 . 0*H 

♦ 1 . Q*H 


1 .0*H2 

4 

M 

8 . 30 0 0 OE 17 

-1.0000 

0.00 

27 

1 . 0*M 

♦ 1 . 0*QH 


1 .0«H2O 

♦ 

M 

8 . 40 0 0 0 E 21 

-2.0000 

0.00 

28 

1 .0*0 

♦ 1 . 0 *H 


1 . 0*OH 

4 

M 

6.20000E 16 

-0.4000 

0 .00 

29 

l . 0 * H 

♦ l.Q*CM5 


1 . 0«H2 

♦ 

l .0"CH2 

2.70000E 11 

0.6700 

25700 . 00 

30 

1.0*0 

♦ 1 . 0 * CH 3 


1 .C*OH 

4 

1 .0*CH2 

1 . 90 00 OE 11 

t .6800 

25700.00 

31 

1 . 0 *0H 

«• 1 . 0 * CH 3 


1 . 0*H2O 

♦ 

1 . 0*CH2 

2.70000E 11 

0.6700 

25700.00 

32 

1 . Q-H02 

♦ l.QM!0 


1 . 0*NO2 

4 

1 . 0*QH 

1 . 200 0 OE 13 

0.0000 

2380.00 

33 

1 0*0 

* 1 . 0 " N32 


1 . 0 *NQ 

♦ 

1.0*02 

l.OOOOOE 13 

0.0000 

596 . 00 

34 

1 .0*N0 

♦ 1.0*0 


1.0* N02 

4 

M 

5.62000E 15 

0.0000 

-1160.00 

35 

l .0*NO2 

♦ 1.0*11 


1 .0*NO 

4 

1 -0*OH 

2.90000E 14 

0.0000 

795.00 

36 

l . 0*N 

♦ 1.0*02 


l.Q*NO 

4 

1 .0*0 

6 . 40000 E 09 

1.0000 

6250 .00 

37 

1.0*0 

♦ 1.0* M2 


1 . 0"rt0 

4 

1 . 0*N 

1.80000E 14 

0.0000 

76250.00 

18 

1 . l»*N 

♦ l.O-OH 


1 . 0*NO 

4 

1 . 0«H 

4 . 0 0 0 0 0 E 13 

0.0000 

0 .00 

39 

1 . 0*CN 

♦ 1 . 0 * H2 


1 . 0 *HCN 

♦ 

1 . 0*H 

6.00000E 13 

0 .0000 

5300 .00 

40 

1.0*0 

♦ 1 . 0 * HCN 


1 .0*H 

4 

1 . 0 * NCO 

5 . 20 9 0 0 E 12 

0.6800 

8100 . 00 

41 

1 . 0*QH 

♦ i.0»MCN 


l .0*HNCO 

4 

i . Q*H 

4.00QOQE 11 

0 . 0000 

2800.00 

42 

1 . 0 * CM 

♦ 1.0*0 


1 . o*co 

4 

1 . 0«M 

1.20000E 13 

0.0000 

0 .00 

45 

1 .Q*CN 

♦ 1 . 0 *QM 


1 .0*NCO 

4 

1 . 0*H 

2.50000E 14 

0.0000 

6000 .00 

44 

1 . Q»CN 

♦ 1.0-02 


1 . 0 *NCO 

4 

1.0*0 

3 . 20 0 0 0 E 13 

0.0000 

1000.00 

45 

l . 0*CN 

♦ 1 . 0 *C02 


1 .0*HCO 

4 

1 . 0*CO 

3 . 7 00 0 0 E 12 

0 .0000 

0 . 00 

46 

1.0*0 

♦ l.O-NCO 


1 .0*NO 

4 

1 . 0*CO 

2.00000E 13 

0.0000 

0.00 

4 7 

1 . 0 * N 

♦ l.Q-NCO 


1 . 0*N2 

4 

1 .o*co 

1 . 00 00 OE 13 

0.0000 

0 .00 

48 

1 . 0»M 

♦ 1.0* MCO 


1 . 0*NH 

4 

1 . Q*CO 

2 . Q0900E 13 

0.0000 

0.00 

49 

1 . 0*M2 

♦ l.Q-NCO 


1 . Q*HMCO 

4 

1 . 0*H 

l.OOOOOE 14 

0 . 0000 

9000 .00 

50 

1 . 0 * MtlCO 

♦ l . 0*M 


1 . 0*NH2 

4 

1 .o*co 

l.OOOOOE 14 

0.0000 

8500.00 

51 

1 . 0*MM 

♦ 1.0* OH 


1 .0*N 

4 

1 . 0 * H 2 0 

5 . 0 0 0 0 0 E 11 

0.5000 

1999.00 

52 

1 . 0 *M 

♦ 1.0»M02 


1 . 0*OM 

4 

1 . 0*OH 

1 .40000E 14 

0 .0000 

1070.00 

51 

1 . 0*H 

♦ 1.0MIO2 


1.0*0 

4 

1 . 0 *H20 

1 . OOOOOE 13 

0.0000 

1000.00 

54 

1 .0*0 

♦ 1.0-H02 


l.O-OH 

4 

1 .0*02 

1.60000E 13 

0.0000 

1070.00 


70 


55 

1 . 0*ON 

56 

1 . 0 •CM3 

5/ 

1 . 0*H2 

58 

1 . 0*MC0 


♦ 1 . Q* HQ2 

♦ 1 . 0 ' OH 

♦ 1.0*H02 

♦ 1 . 0*02 


1 .0*H?0 
1. 0*CH20 
1 . 0 «H?0 
1 . 0*CO 


♦ 1.0*02 

♦ 1 . 0 ■ M2 

♦ 1 . 0*OH 

♦ 1 . 0 *HQ2 


7 . 90Q00E 12 
7 . 4 0 0 0 0 £ 12 
7.20000E 11 
S.OOOQOE 13 


0.0000 000 

0.OOC0 Q 00 

0.0003 18700.00 

0.0000 0.00 


*U third BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M(02 . 241 r 2 

«<M20 . 241 = J2 

mco , 241 S 2 


00000 ( 1(02 

>0000 (1(H20 

ooooo mco 


♦ 27) = 1.60000 
. 27) = 20.00000 
- 27) = 1.60000 


«<N2 , 24) = 
M(C02 , 24) * 
«<CM4 . 24) s 


2.00000 M(N2 

7.50000 ft( CQ2 

5.00000 MCMZ 


• 27) = 1.60000 

• 27) = 7.50000 

. 24) = 5. 00000 


INITIAL 5TEP SIZE 0.10000E-05 Cfl 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR O.IOO0OC-O5 


PRESSURE (ATM 


PRESSURE 

(ATM) 

VELOCITY 
t CM/ SEC ) 
OCHSITY 

<GN/Cn4*3> 
TEMPERATURE 
(DEG K) 

ENTROPY 
(CAt/GM/DEG K ) 
MACH NUMBER 

GAMMA 

SONIC VELOCITY 
(CM/SEC) 


*■ ASSIGNED VARIABLE PROFILE ■* 

THE PRESSURE IS CALCULATED FROM THE FOLLOWING POLYNOMIAL 


< 0 . 00000)X*n3 ♦ ( 

0 . 00000 )X**2 * ( 

0 . 00000 )X ♦ C 1.73000E 00) 

«» EQUILIBRIUM 

COMBUSTION in 


INITIAL STATE 

FINAL STATE 

FINAl/INITIAL RATIO 

1.7300 

1.7300 

1.0000 

0.00 

0.00 

0.0000 

3 .615586-04 

2. 34368E-04 

0.6482 

1645.00 

2517.41 

1.5303 

2.1308 

2.3026 

1 . 0806 

0 . 00 00 

o.ooco 

0.0000 

1.2777 

1 . 187 * 

0.9298 

0.00 

0.00 

0.0000 


MIXTURE MOLECULAR WEIGHT 


SPECIES 

CH4 

CHS 

H 

H2 

0 

OH 

H20 

CM2 

02 

CM20 

HCO 

C02 

CO 

H02 

NO 

H02 

M 

N2 

CN 

HCN 

NCO 

HNCO 

NH 

NMZ 


MOLE FRACTION 
2. 7TA44E-10 
2. 79’!44£-10 
7 , 946 6 9E-04 
1.50221E-0J 
3.571066-03 
1 . 04750E-02 
9.15948E-C2 
2 . 79B44L- 10 
8.96S12E-02 

2 . 7 9fi44 il* 1 0 
2.790446-10 
4 . 44522002 
4.53S51E-03 
1.44643E-05 
1.570346-02 

1 . 07 225E-05 
2 . 220 75E-07 
7.37294E-0I 
2. 79444E-I0 

2.7 9844 E- 1 0 
2 . 7 9844 E- 1 0 
2.79844E-10 
5.6A927E-09 
1 . 61065E-09 


27.98444 


D< LOG VOLUME )/D( LOG T) 
AT CONSTANT P 


1.0871 


0(L0G V0LUME)/0(L0G P> 
AT CONSTANT T 


-1.0033 


■« INITIAL CONDITIONS in 


TIME 0. 00000 SEC 


AREA l.OQOOOE 03 $Q CM 


AXIAL POSITION 0.00000 CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
( GH/CM* " 5 ) 
TEMPERATURE 
(DEG K> 

MASS FLOW RATE 
(CM/SEC) 


1.73000 
157410.31 
3.61558E-04 
1645.00 
5.69130E 04 


STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


I 

0.00000 

t 


A 


71 



ENTROPY 
CAL/CM/OEG X) 

2 . 1308 


FUNCT EVALUATIONS 

0 


MACH 

NUMBER 

2.0000 


JACOBIAN 

EVALUATIONS 

• 


GAMMA 


1.2777 






ENTHALPY 3 

. 40714E 02 






(CAL/GM) 









CHEMICAL PROPERTIES 




SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 

CH4 

trOLES/Cn««3) 

4 . 974806-02 

RATE (MOL 6/ CM* ■ 3/SEC ) 

NUMBER 

CGS UNITS 

<CAL-CM*«3/GH*«2/SEC> 

TIVE OIR RATE 

4 .378526-07 

-1 . 943476-05 

1 

3.0472E 01 

1 . 5584 96 07 

l .eocot 

CH3 

0.00000 

0 .00006 

1 . 443476-05 

2 

3.3045E 12 

0.00000 

0.00000 

M 

0.00000 

0.00000 

1 . 94347E-05 

3 

1.19886 12 

0.00000 

0.00000 

H2 

0.00000 

0 . 00000 

0 . 00000 

4 

4.78616 12 

0.00000 

0.00000 

0 

0.00000 

0.00000 

7 .70423E-05 

5 

3.2243E 13 

0.00000 

0.00000 

OH 

0.00000 

0.00000 

0.00000 

4 

2.3447E 10 

0.00600 

0.00000 

M20 

0.00000 

0.00000 

0 .00000 

7 

6 .80006 13 

0.00006 

0.00000 

CH2 

0.00000 

0 .00000 

0 .00000 

8 

7.28746 12 

0.00000 

0.00000 

02 

2.551416-00 

1 . 99072E-01 

-7 . 70423E-05 

9 

1.23546 13 

0.60000 

0.00600 

CH20 

0.00000 

0 . coooo 

0 . 00000 

10 

9 37196 13 

0.00000 

0.00000 

HCO 

0.00000 

0.00000 

0.00000 

11 

1 .35916 07 

0.00000 

0.00000 

C02 

0.00000 

0.00000 

0.00000 

12 

5.30006 13 

0.00000 

0.00000 

CO 

0.00000 

0 .00000 

0.00000 

13 

3.00006 13 

0.00000 

o.oeooo 

H02 

0.00000 

0 .00000 

0.00000 

14 

2 3 00 06 » > 

0.50000 

0.00000 

NO 

0.00000 

0.00900 

0.00000 

15 

3. CO OOF li 

0.00000 

0.00000 

N02 

0.00000 

0.00000 

o.oocoo 

16 

3. '425c 12 

0.00000 

o.ooeoo 

N 

0.00000 

0.00000 

0.00000 

17 

3. .6U6 11 

0.00000 

6.00000 

N2 

9.027256-00 

7. 51 1406-01 

0.00000 

18 

l. 122*6 14 

0.00000 

0.00000 

CN 

1.281456-12 

9.999996-03 

-7.704236-05 

19 

2 . 6A65E 06 

0.00000 

0.00000 

HCN 

0.00000 

0.00000 

0.00000 

20 

1.2V35E 12 

0.00000 

0.90000 

HCO 

0.00000 

0 . 00000 

7 .704236-0 5 

21 

1 . 94546 12 

0.00000 

0.00000 

HNCO 

0.00000 

0.00000 

0.00000 

22 

7 1192E 12 

0.00000 

0.00000 

NM 

0.00000 

0 .00000 

0.00000 

23 

4.50956 12 

0.00000 

0.00009 

NH2 

0.00000 

0.00000 

0.00000 

24 

2 . 0 3486 15 

0.00000 

0.00000 





25 

9.8497E IS 

1.28597E 01 

1.00000 





20 

5.0456E 14 

0.00000 

0.00000 





27 

3.10426 15 

0.00000 

0.00000 





28 

7.28946 14 

0.00000 

0.00008 





29 

1.4851E 10 

0.00000 

0.00008 





30 

1.12546 10 

0.00000 

8.88008 





31 

1.48516 10 

o.ooeoo 

8.08808 





32 

5.7940E 12 

0.00000 

8.00000 





33 

8.3333E 12 

0.00000 

8.08008 





34 

8.0140E IS 

0.00090 

0.00008 





35 

2.2739E 14 

0.00060 

0.00800 





34 

1.55596 12 

0.00000 

0.00800 





37 

1.33336 04 

0.00000 

0.00000 





31 

4.00006 13 

0.00000 

o.ooeoo 





34 

1.1858E 13 

0.00000 

0.00000 





40 

4.7120E 13 

0.00000 

o.oeooo 





41 

1.49856 11 

0.00060 

0.00000 





42 

1.20006 13 

0.00000 

0.00008 





43 

3.9684E 13 

0.00000 

0.00000 





44 

2.3564E 13 

-3.74042E 04 

1.00000 





45 

3.7000E 12 

0.00000 

1.00000 





40 

2.00006 13 

0.00000 

0.000 JO 





47 

1.00006 13 

0.00000 

0.00000 





48 

2.0000E 13 

0.00000 

0.00000 





44 

4.37226 12 

0.00000 

0.00029 





50 

7.4253E 12 

0.00000 

0.00000 





51 

1.1092E 13 

0.00000 

0.00000 





52 

1.00926 14 

0.00000 

0.00000 





53 

7.3445E 12 

0.00000 

o.ooeoo 





54 

1.15346 13 

0.00000 

0.00000 





55 

7.90006 12 

0.00000 

0.00000 





54 

7 . 40 00 E 12 

0.00000 

0.00000 





57 

2.34006 09 

0.60000 

0.00000 





58 

3.00006 13 

0.00000 

0.00000 


MIXTURE MOLECULAR HEIGHT Z8.21C34 TOTAL ENERGY EXCHANGE RATE 1.18443E 07 MASS FRACTION SUFI 0.99999988 

<CAL-CM"*3/GM»«2/S6C> 

NEGATIVE CONCENT RAT I ONS-HAL VE STEP SIZE -SAVEKH) = -0.122238750-14 


TIME 2.221 58E-04 SEC AREA 1.07332E 03 SQ CM AXIAL POSITION 3.5OO0OE 01 CM 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATM) 

1.73000 

STEPS FROM LAST PRINT 

17 

VELOCITY 

(cn/sEC) 

157410.31 

AVERAGE STEP SIZE 

0.588246 00 

DENSITY 

3 . 368416-04 

TOTAL NUMBER OF STEPS 

128 

(GM/CM»»3) 




TEMPERATURE 

1755.78 



(DEG K) 




MASS FLOW RATE 

5.49130E 04 



(GM/SEC) 




ENTROPY 

2.1689 

FUNCT EVALUATIONS 

142 

CAL /CM/ DEG X) 




MACH NUMBER 

1.9307 

JACOBIAN EVALUATIONS 

28 

GAMMA 

1.2774 



ENTHALPY 

3.607146 02 



(CAL/GM) 





CHEMICAL PROPERTIES 


SPECKS 

CH4 
CH 3 
H 


CONCENTRATION 
(M0LES/Cn»«3) 
4.444516-07 
2.168176-08 
3.230 18E- 10 


MOLE FRACTION 

3. 701326-02 
l .805626-0 3 
2.690046-05 


NET SPECIES PRODUCTION 
RATE (MOLE/CPIii- J/SEC) 
-2.598316-03 
3. 121946-04 
4. 180386-05 


REACTION RATE CONST 

NUMBER CCS UNITS 

1 2.24846 02 

2 4.14036 12 

3 1.4317E 12 


NET ENERGY EXCHANGE 
<CAL-CMm»3/GM»«2/ 
-S.07117E 07 
2 . 7 l 6586 00 
4.553146 00 


RATE NET RATE/P05T- 
iEC) TIVE OIR RATI 
0.35251 
0.8420! 
0.99741 


M2 

2.597226-08 

2.142926-03 

0 

4 . 724116-10 

3 . 934346-05 

OH 

7 . 99/546-10 

6 .660236-05 

M20 

2 . 067816-07 

1.734696-02 

CM2 

1.022066*14 

9.011196-10 

02 

2 . 1 90896-06 

1.824386-01 

CM20 

2. 513446-04 

1.941266-03 

MCO 

2. 080216-11 

1.732376-06 

C02 

7.47732E-10 

6.227006-05 

CO 

1 .040456-07 

8.6647 1E-0 3 

H02 

I .8 95 326-08 

1.411846-03 

NO 

5.102356-14 

4.415706-09 

M02 

6.043796-14 

5.033186-09 

N 

1 . 14257 6-16 

9.515166-12 

N2 

8.969626-06 

7 . 469766-C1 

CN 

2.420716-17 

2 . 01593E* 12 

hCN 

7.510566-14 

t .254436-09 

NCO 

1 .269726- 14 

1 .057406-09 

HMCO 

8.947196-13 

7 .451096-08 

NH 

2.463356-14 

2 .051446-09 

HM2 

8.659666-14 

7.211 64E-09 


MIXTURE MOLECULAR WEIGHT 23.05329 


5.243836-04 

4 

5.3737E 12 

3.279016-07 

5 

3.46296 13 

-1.179616-05 

6 

3.07486 10 

4 . 34 99 1 1-0 3 

7 

6.80006 13 

-2.604396-09 

8 

7.7672E 12 

-3.381006-03 

9 

1.3493E 13 

-1.442186-04 

10 

1.2045E 14 

-4.531326-06 

11 

5.45546 07 

3.537276-05 

12 

5.3000E 13 

2.439496-03 

13 

3.0QQ0E 13 

5. 10 31 56-05 

14 

2.0000E 13 

1.079726-09 

15 

3.00Q0E 13 

-2.409546-10 

16 

4.43976 12 

6.390326-12 

17 

4.03896 11 

-2.46164E-10 

16 

i.*287E 14 

6.843116-11 

19 

5.2794E 06 

-2.054996-09 

20 

1.7485E 12 

-3. 160836-10 

21 

2.4656E 12 

-2.522576-10 

22 

8.0/096 12 

-1.52136E-10 

23 

4.6C56E 12 

2.354216-09 

24 

1.9979E 15 


25 

9.5156E 13 


26 

4.7272E 14 


27 

2.7248E 15 


28 

7.0099E 14 


29 

2.5478E 10 


30 

1.9320C 10 


31 

2.5478E 10 


32 

6.0664E 12 


33 

8.4297E 12 


34 

7 53666 15 


35 

2.3091E 14 


36 

1.8736E 12 


37 

5.8092E 04 


36 

4.00Q0E 13 


39 

1.3135E 13 


40 

8.2036E 13 


41 

1.7928E 11 


42 

1.2000E 13 


43 

4.4781E 13 


44 

2.4026E 13 


45 

3.7000E 12 


46 

2.0000E 13 


47 

1.0000E 13 


48 

2.0000E 13 


49 

7 . 58 HE 12 


50 

8.7492E 12 


51 

1.1814E 13 


52 

1.0302E 14 


S3 

7 . 5080E 12 


56 

1.1774E 13 


55 

7.9000E 12 


56 

7.4000E 12 


57 

3.3858E 09 


58 

3.0000E 13 


TOTAL ENERGY EXCHANGE RATE -2.24392E 09 
(CAL-CH«* 3/GM*»*2/SEC ) 


-2.34761E 08 

0.96875 

-4.37557E 05 

0.99942 

-6.84736E 08 

1 . 00000 

-4.2950*6 08 

1.00000 

-7.22324E 06 

0 . 99992 

-1.59075E 07 

1 .00000 

-5.74676E 08 

0.99998 

1.214146 07 

0.91923 

-5.13625E 05 

l . 00000 

-2.261746 05 

1 . 00000 

-I.05304E 05 

0.19998 

-4.571046 05 

1 .00000 

1.49 37 4E 04 

0.19185 

-7.3S431E 06 

0 . 9993i 

-6.405136 04 

1.00000 

-8.566436 04 

1 . 00000 

1 .46 3026 04 

0.99610 

4.89602E 05 

0.98389 

-1.77871E 07 

0.80212 

4.94254E 06 

0.91858 

2.29902E 04 

0.91449 

-1.54596E 02 

0.57754 

-4.88277E 02 

0.49774 

-1.647516 04 

0.97976 

-1.156556 03 

0.99435 

4.53471E 03 . 

0.99997 

1.27207E 04 

1 . 00000 

-3.73068E 04 

0.19919 

-2.15938E 02 

0.92630 

-9.71486E 01 

0.99418 

3.S111QE 02 

0.91569 

-1.15665E 03 

0.19999 

-1 . 3160 IE 02 

1.00000 

1.6Z698E 02 

1.00000 

*1 . 56492E 00 

0 . 99944 

-4.48459E-01 

0 .31444 

-3.021016 01 

0.71318 

2.23394E 00 

0.63018 

-9.31 156E-02 

1.00000 

1.97454E 00 

0.91406 

-6.78546E 01 

0.95240 

•1.94685E 01 

0.99995 

-1.08359E 02 

1.00000 

-2.26898E-05 

0.99992 

-1 .490346 01 

0.98237 

-1.92399E 02 

0.84810 

~1.80917E 02 

0.93103 

-9.05183E 01 

0.99992 

”1 . 68P77E 08 

1.00000 

-1.84219E 07 

0.99999 

-4.21578E 07 

0.99987 

-6.37152E 07 

0.99835 

-8.12342E 07 

l.OCOOO 

-6.43449E 05 

1.00000 

-4.36719E 08 

1.99815 


HASS FRACTION SUM 0. 


TIME 2 . 66793E-04 SEC 


AREA 1.36120E 03 59 CM 


AXIAL POSITION 4.20C00E 01 CM 


FLOU PROPERTIES 

PRESSURE 
< ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(CM/CM»«3) 
TEMPERATURE 
(DEC X) 

MASS FLOU RATE 
(CM/SEC) 
ENTROPY 
CAl/GM/DEG K> 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


1.73000 
157910.31 
2.4S417E-Q4 
2177.13 
5.49130E 04 
2.2803 
1.7129 
1.2797 
3.40714E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


2ft 

0.714Z9E-O1 

180 


198 

38 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIE5 PRODUCTION 

REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 


(M01ES/CM«**3) 


RATE (M0LE/Cn««3/5EC) 

NUMBER 

CGS UNITS 

(CAL-CMMt<3/GM»»2/SEC> 

TIVE OIR RATE 

CH4 

3 . 42259E- 08 

3 . 53426E-0 3 

-2.46060E-02 

l 

7.2420E 04 

-1 . 76280E 09 

0.32313 

CM3 

4 . 7 3206E-0 9 

9 . 0 16 15E-04 

-5.988796-03 

2 

8 . 1590 E 12 

4 . 490 37 E 07 

0.97516 

H 

1 . 92240E-04 

1 . 94512E-0 3 

4.94694E-03 

3 

2.3850E 12 

1.21191E 08 

0.98865 

M2 

4.59949E-08 

4.74996E-03 

-4.210476-03 

4 

7.4958E 12 

-3.50558E 09 

0.98397 

0 

4 .27231E-04 

4.41 169E-03 

1.75644E-02 

5 

4.2518E 13 

-1.1011SE 08 

0.99973 

OH 

6.805526-08 

7.02756E-03 

2.530216-02 

* 

6 . 684 56 10 

-5.28751E 08 

1.00000 

MZO 

7.626326-07 

7 .47513E-0Z 

5.33521E-02 

7 

6.8000E 13 

-2.51594E 10 

1.00000 

CM2 

2.51445E-12 

2.59689E-07 

-4.37765E-07 

8 

9.3274E 12 

-6.34258E 07 

0.99920 

02 

1 . 20 127E-Q6 

1.240466-01 

-7.010156-02 

9 

1.7387E 13 

-2 .274196 08 

0.99964 

CM20 

1 .78378E-09 

1 .54197E-04 

-1.155016-03 

10 

2.4773E 14 

-1.23598E 10 

0.99949 

MCO 

2. 30427E-10 

2.379446-05 

-2.771486-04 

11 

2.9600E 09 

6.22775E 07 

0.95263 

C02 

4.129786-04 

4 . 26451E-03 

1.657446-02 

12 

5.3000E 13 

-8.27529E 08 

1.00000 

CO 

3 .823236-07 

3.94797E-02 

1.545316-02 

13 

3.0000E 13 

-3.64398E 08 

0,99999 

H02 

2 . 9 3524 1-09 

3.03105E-04 

-1.59396E-03 

14 

2.0000E 13 

-1.11A54E 08 

0.99998 

NO 

3.394926-12 

3.50564C-07 

2. 324946-06 

15 

3.0000E 13 

-6.92993E 08 

0.99999 

N02 

1 . 303046-14 

1 .34555E-09 

-2.35580E-11 

n 

1.0034E 13 

4 . 444886 09 

0.99862 

N 

1 .664026-1 3 

1.71831E-08 

1.00454E-07 

17 

6 . 2 94 ft E 11 

-5.64305E 09 

0.97830 

N2 

7 . 07261E-06 

7.303366-01 

-1.205596-06 

18 

7.9966E 13 

-2 .279866 07 

0.99983 

CN 

3 . s 02226- 1 6 

3.51 322E- 1 1 

1.138646-10 

19 

3.6790E 07 

-1.91840E 06 

0.99160 

MCN 

1 . 304516-14 

1. 34707E-09 

-1.5325’E-09 

20 

4.53916 12 

1.52711E 10 

0.61294 

NCO 

1 . 1 3642E-14 

1 .17370E-09 

1 . 142266-1 0 

21 

5.00C8E 12 

1.41489E Oft 

0.54333 

HMCO 

2. 62107 E- 13 

2.70659E-08 

-7 . 095906*08 

22 

1.1575E 13 

-2.73459E 09 

0.35474 


73 



» 


NM 5.71692E-15 5.90344E-10 

NH2 5.16094E-13 5.32932E-QS 


\r 


BSSSS» 


MIXTURE MOLECULAR HEIGHT 27.42531 


2.172136-11 

5.S0138E-08 


23 

4.8935E 

12 

24 

1.8901E 

15 

25 

8.6I71E 

13 

26 

3.8124C 

14 

27 

1.7722E 

15 

28 

6 . 16 1 1 E 

14 

29 

1.2242E 

11 

30 

9.3033E 

10 

31 

1 -2242E 

11 

32 

4.9226E 

12 

33 

S.7131E 

12 

34 

7.3482E 

15 

35 

2.4132E 

14 

36 

3.2860E 

12 

37 

3.9899E 

06 

38 

4.0000E 

13 

39 

1.7624E 

13 

40 

1.4882E 

14 

41 

2.0940E 

11 

42 

1.2000E 

IS 

43 

6.2445E 

13 

44 

2.5394E 

13 

45 

3.7000E 

12 

46 

2.0000E 

13 

47 

l.OOOOE 

13 

48 

2.0000E 

13 

49 

1.2489E 

13 

50 

1.4020E 

13 

51 

1.4698E 

13 

52 

1.0932E 

14 

53 

7.9363E 

12 

54 

1.2494E 

13 

55 

7.9000E 

12 

56 

7.4000E 

12 

37 

9.5531E 

09 

58 

3.0000E 

13 


TOTAL ENERGY EXCHANGE RATE -4.60456E 15 
(CAL-CM**J/GM*«2/SEC) 


(GCXN) END OF THIS CASE - READ DATA FOR NEXT CASE 


2 . 23B82E Of 
1.22SI5E OS 
*2 . 520 3 fE 06 
-l.fSISlE 06 
-1.14847E 05 
-7.05351E 06 
I.S6035E 06 
3.SS7SSE 06 
-f.S7551E 06 
-4.00267E 03 
-3.01217E 03 
-6.00484E 03 
-2.45104E 04 
-2 . 964266 05 
1.28155E 06 
-3. 12034E OS 
-2.04059E 01 
”5 . f 4639 E 51 
1.8Z993E 02 
-1.90272E 02 
2.64062E 02 
-3.70827E 02 
“f . 03545E 01 
-1.41066E 04 
-4.73755E-02 
-1.64628E 03 
1.75292E 03 
-7 . 1 7 056 E 03 
-2.7U07E 03 
-2.96I86E 09 
-3.21476E 08 
-1.11879E Of 
-1.49728E Of 
-4.47770E Of 
-5.93825E 05 
-4.24503E Of 


0.29227 

0.08220 

0.98016 

0.98318 

0.98915 

0.99232 

0.99960 


0.99982 

0.99974 

0.84390 

0.95485 

0.56058 

0.98252 

0.99991 

0.99999 

0.99976 

0.26636 

0.03063 

0.83408 

0.99959 

0.35786 

8.39724 

0.98607 

1.00000 

0.99547 

0.99845 

0.44781 

0.82125 

0.75924 

0.99727 

0.99415 

0.99295 

0.99004 

1.00000 

0.99824 

0.99850 


MASS FRACTION SUM l. 00000000 


DISTANCE-AREA VERSION GENERAL CHEMICAL KINETICS PROGRAM 


NASA LEWIS RESEARCH CENTER 


GCKP84 CH4 - AIR WITH AREA PROFILE OF CASE 6 


CASE 7 


* 

REACTION 



HUMBER 



1 



2 

1 .0*H 


3 

1.0*0 


4 

1 . 0"QM 


5 

1 .0*CH2 


6 

1 . 0*CM5 



1 . 0*CH3 


8 

1 . 0*CH2O 


9 

1 . 0*CM20 


10 

1 . Q*CH20 


11 

M 


12 

1.0*0 


13 

1 .0*HCQ 


14 

1 . 0 * MCQ 


15 

1 . Q*MCQ 


16 

M 


17 

1 .o*co 


18 

1 . o*co 


19 

i.o*co 


20 

1 .0*H 


21 

1 .0*0 


22 

l .C*M2 


23 

1 . 0 "OH 


24 

l .0*M 


25 

1.0*0 


26 

1 . 0"M 


27 

1 .0*11 


28 

1.0*0 


29 

1 . 0*M 


30 

1 . 0*0 


31 

1 .0*OH 


32 

1 . 0*H02 


33 

1.0*0 


34 

1 . 0*NO 


35 

1 . 0*HO2 


36 

1 . 0 *M 


37 

1 .0*0 


38 

I . 0 * M 


39 

1 . 0*CN 


40 

1 .0*0 

» 

41 

1 -0*OH 


42 
«• 5 

1 . 0 * CN 
l . 0*CN 


44 
4*, 
4 6 

1 . 0*CN 
1 . 0"CN 
1 . Q*C 


4 : 
4 8 

1 . C » N 
l . 0«*M 


49 

1 . 0 'H? 


50 

1 .O'MMCO 


51 

1 . 0 

7*~ 

52 

53 

1 . 0 *H 
1 . 0*H 


REACTION 


1 . 0*CH4 

♦ 1.0*CH4 

♦ 1.0MCH4 

♦ 1.0«CM4 

♦ 1 . 0*02 
♦ 1.0*02 
♦ 1.0*0 

♦ 1 . 0 *H 

♦ 1.0*0 

♦ 1 . 0 *0M 

♦ 1 . Q*CH20 

♦ 1.0*HC0 

♦ 1.0*0 

♦ 1 . 0*H 

♦ 1 . 0 *0H 

♦ 1 . 0 *HCO 

♦ 1 . 0*QH 

♦ 1.0*0 

♦ 1.0*02 
♦ 1.0*02 

♦ 1 . 0 *H2 

♦ l.O-OH 

♦ 1 . C*QM 

♦ 1.0*02 
♦ 1.0*0 

♦ 1 . 0*H 

♦ 1 . 0*OH 

♦ 1 . 0*H 

♦ 1 . 0 *CH3 

♦ 1 . G "CM3 

♦ 1.0*CH3 

♦ 1 . 0*HQ 

♦ 1 . 0 "N02 

♦ 1.0*0 

♦ 1 . 0*H 

♦ 1.0*02 

♦ 1.0*N2 

♦ 1 • 0 *0H 

♦ 1 . 0 *M2 

♦ 1.0-HCN 

♦ 1.0*MCN 

♦ 1.0*0 

♦ l . 0 *0H 

♦ 1.0*02 

♦ 1.0-C02 

♦ 1 . 0 *NC0 

♦ 1 . 0*MCO 

♦ 1 . 0 *MCD 

♦ 1.0* NCU 

♦ 1 . 0«H 

♦ l . ? * OH 

♦ 1 . 0 *H02 

♦ 1 . 0 *M02 


= 1 . 0*CH3 

= 1 . 0*CH3 

= 1 . 0*CH3 

= 1 . 0*CM3 

= 1 . 0*CH20 

= 1.0*CH2O 

= 1 . 0 *CH20 

= 1 . 0*HCO 

* 1.0"MCO 

= 1.0*HCO 

= l.O-MCO 
= 1 . 0*M 

= i.O*CO 

= i.o*co 

= l.O*CO 
S 1 . 0 *H 
= 1.0-CO2 

- 1 . 0 *C02 

= 1 . 0*CO2 

= 1 . 0 *0H 

= 1 . 0*OM 

= 1 . 0 *H20 

= 1.0*0 
= 1 . 0 *HQ2 

= 1.0*02 
= 1 . 0 "M2 

= 1 . 0*H2Q 

= l . 0 *0M 
= 1 . 0 *H2 

* 1 . 0"OH 

= 1 . 0 *H20 

= 1 . 0 *N02 

= 1 . 0 *H0 

= 1.0*N02 

= 1.0 *N0 

= 1 . 0 *N0 

= 1 . o*r;o 

= l.OMHO 
= 1,0*HCN 

= 1 . 0 *M 

= 1.0* HNCO 

= 1.0*CO 

s 1.0*IIC0 
s 1 . 0 "HCO 
= l.OMICO 
s i.O*NO 
= 1 . 0*H2 

= 1 . Q*NH 

s 1 . 0 * HNCO 
= 1.0*MH2 

= 1 . 0 *N 

= 1 . 0"OH 

= 1.0*0 


♦ 1 . 0*H 

♦ 1 . 0 *H2 

♦ 1 . 0 *0H 

♦ 1 . 0 *H20 

♦ 1.0*0 

♦ 1 . 0 *0H 

♦ 1 . 0 *M 

♦ 1 . 0 *H2 

♦ 1 . 0*0H 

♦ 1.0*M2O 

♦ 1 . 0*H 

♦ 1 . 0 *C02 

♦ l.O-OH 

♦ 1 . 0 *M2 

♦ 1 . 0 "H20 

♦ 1.0"CO 

♦ 1 . 0 *H 

♦ M 

♦ 1.0*0 
♦ 1.0*0 

♦ 1 . 0 *M 

♦ 1 . 0 "M 

♦ 1 . 0 "H20 

♦ M 

♦ n 

♦ M 

♦ M 

♦ M 

♦ 1 . 0*CH2 

♦ 1 . 0"CH2 

♦ 1.0"CH2 

♦ 1 . 0 JQH 

♦ 1.0*02 

♦ M 

♦ 1 . 0 *0H 

♦ 1.0*0 

♦ 1.0-N 

♦ 1 . 0 *H 

♦ 1 . 0 *H 

♦ 1.0MICO 

♦ 1 . 0*H 

♦ 1 . 0"N 

♦ 1 . 0 * H 

♦ 1.0*0 

♦ 1.0 -«C0 

♦ 1.0-CO 

♦ l.O'CO 

+ i.o*co 

♦ 1 . 0 *H 

♦ 1.0*CO 

♦ 1 . 0 *H20 

♦ 1 . 0 *0H 

♦ 1 . 0 "M20 


REACTION RATE VARIABLES 
A N 


2.00000E 

15 

0.0000 

1 . 26000E 

14 

0.0000 

2 . OOOOOE 

13 

0.0000 

3.00000E 

13 

0.0000 

1 .OOOOOE 

14 

0.0000 

1 . 7 0 0 0 0 E 

12 

0.0000 

6 . 80 00 0 E 

13 

0 . 0000 

2. OOOOOE 

13 

0.0000 

5. OOOOOE 

13 

0.0000 

5. OOOOOE 

15 

0.0000 

5. OOOOOE 

16 

0.0000 

5.3Q000E 

13 

0.0000 

3. OOOOOE 

13 

0.0000 

2. OOOOOE 

13 

0.0000 

3. OOOOOE 

13 

0.0000 

3.QOUOOF 

14 

0.0000 

4. OOOOOE 

12 

0.0000 

2.80000E 

13 

0.0000 

1 . 200 00 E 

11 

0.0000 

2 . 2000 0 E 

14 

0.0000 

1 -80000E 

10 

1.0000 

5 . 2000 0 E 

13 

0.0000 

6.30000E 

12 

0 .0000 

1 . 500 00 E 

15 

0 . 0000 

5 . 7 0000 E 

13 

0.0000 

8 . 30000 E 

17 

-1 . 0000 

8 . 4QQQ0E 

21 

-2.0000 

6 . 20000 E 

16 

-0 .6000 

2 . 70000 E 

11 

0.6700 

1 . 90000 E 

11 

0.6800 

2.70000E 

11 

0.6700 

1 .20000E 

13 

0.0000 

1 .OOOOOE 

13 

0.0000 

5.62000E 

15 

0.0000 

2.90000E 

14 

0.0000 

6 . 40000E 

09 

1 .0000 

1 -80000E 

14 

0.0000 

4. OOOOOE 

13 

0.0000 

6. OOOOOE 

13 

0.0000 

5.20000E 

12 

0.6800 

4. OOOOOE 

11 

0.0000 

1 .20000E 

13 

0.0000 

2. 50000E 

14 

0.0000 

3 . 20 0 0 0 E 

13 

0.0000 

3 70000E 

12 

0.0000 

2. OOOOOE 

13 

0.9000 

1 .OOOOOE 

13 

0.0000 

2. OOOOOE 

13 

0 . 0000 

1. OOOOOE 

14 

0.0300 

1. OOOOOE 

14 

0.0000 

5. OOOOOE 

11 

0.5000 

1.40000E 

14 

0.0080 

1. OOOOOE 

13 

0 . C?OQ 


ACTIVATION 

ENERGY 

104000.00 

11900.00 

9200.00 

6000.00 

3700 . 00 

14000.00 
0.00 

3300.00 

4570.00 

13000.00 

72000.00 
0.00 
0.00 
0.00 
0.00 

14700.00 

8000.00 
-4540.00 

35000.00 

16790.00 

8900.00 

6500.00 

1093.00 
- 1000.00 
-1788.00 

0.00 

0.00 

0.00 

25700.00 
25700.00 

25700.00 

2380.00 

596.00 
-1160.00 

795.00 

6250.00 

76250.00 

0.00 

5300.00 

8100.00 
2800.00 

0.00 

6000.00 

1000.00 

0.00 

0.00 

0.00 

0.00 

9000.00 

8500.00 

1999.00 

1070.00 

1000.00 


7 -"* 
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ORIGIN. \L r. „ _ 
OF POOR Ci. 


5 A 

l .C*0 

♦ 1.0HH02 

= 1 . 0 * OH 


55 

1 .0«OH 

♦ 1 . 0»HQ2 

= 1 . 0 *H20 


56 

1 . Q«CH3 

♦ 1 . 0 *QH 

= 1 . Q"CH20 


5? 

1 . 0»M2 

♦ 1 . C r *’02 

= 1 . 0 * H20 


33 

1 . 0»MCO 

♦ 1.0*02 

= 1.0*CO 



1.0*02 
1 . 0*02 
1. 0»lt2 
1.0«QM 
1 . 0"H02 


1. OOOOOE 13 
7.9000QE 12 
7 . A00 00E 12 
7.20000E 11 
3. OOOOOE 13 


0.0003 

0.0000 

0.0000 

0.0000 

0.0000 


1070.00 

0.00 

0.00 

U700.00 

0.00 


AU THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


M(02 

n<H?o 

f1(CO 


26) - 2.00000 
26) = 32.50000 
2A ) = 2.00000 


M( 02 

. 27) 

= 1.60000 

M(N2 

, 26) * 

2.00000 

M(H2 

, 27) * 

1.60000 

M( H20 

. 27) 

= 20.00000 

M(C02 

. 2A) = 

7.50000 

M( C02 

, 27) = 

7.50000 

M( CO 

. 27) 

= 1.60000 

M( CHA 

, 26) = 

3.00000 

M(H2 

, 26) = 

3.00000 


INITIAL STEP SIZE 0.50000E-0A CM 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR 0.12AC0E-05 


"" ASSIGNED VARIABLE PROFILE «« 


THE AREA IS CALCULATED BY INTERPOLATION FROM THE FOLLOWING TABLE 


TIME 2 . 22063E-0A 


STATION 

AXIAL DISTANCE (CM) 

AREA ( CM* *2 ) 

1 

0.00000 

1 .OOOOOE 

03 

2 

5.00000E 

OC 

1 .00036E 

03 

3 

1 .OOOOOE 

01 

1 .00212E 

03 

A 

1 .50000E 

01 

1 .00561E 

03 

5 

2. OOOOOE 

01 

1 . 0 1 1 ABE 

03 

6 

2.500001 

01 

1 .021 36E 

03 

7 

3. OOOOOE 

01 

1 .03885E 

03 

8 

3.50000E 

01 

1.07332E 

03 

9 

3.70000E 

01 

1 . 097A9E 

03 

10 

3.80000E 

01 

1 . 11A0AE 

03 

11 

3.85000E 

01 

1 . 12A0AE 

03 

12 

3. 90000E 

01 

1 . 13566E 

03 

13 

3. 95000E 

01 

1 . 1A9A8E 

03 

1A 

A. OOOOOE 

01 

1 . 16651E 

03 

15 

A.05000E 

01 

1 . 16872E 

03 

16 

A. 10000E 

01 

1 .220A8E 

03 

17 

A . 15000E 

01 

1 .273A3E 

03 

16 

A .20000E 

01 

1 . 36 1 1 7E 

J3 

19 

A.25000E 

01 

1 . A0117E 

03 

20 

A. 30Q00E 

01 

l . A1170E 

03 

SEC 

AREA 1.1 

97332E 03 SQ CM 


AXI 


AXIAL POSITION 3.50000E 01 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
(Gn/CM«»3) 
TEMPERATURE 
(DEG X) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL/GM/DEG X) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


1.72981 
1 57A1 A . 17 
3. 36833E-0A 
1755.72 
5.69098E OA 
2.U8* 

1 . 9308 
1.277A 
3.60699E 02 


INTEGRATION INDICATORS 
STEP5 FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL DUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


13 

0.76923E 00 
132 


IA6 

32 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

mole fraction 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET ENERGY EXCHANGE RATE 

NET RATE/POSI- 


(MQLES/Cr;*«3) 


RATE (MOLE/CM»*3/SEC) 

NUMBER 

CCS UNITS 

<CAL-CM*i»3/GM»*2/SEC) 

TIVE DIR RATE 

CHA 

A . A AA 1 6 E“ 0 7 

3.7013AE-02 

-2.59382E-03 

1 

2.2661E 02 

-5.21156E 07 

0.35903 

CHS 

2. 16753E-06 

1 .8052AE-03 

3. 10A82E-0A 

2 

A.1599E 12 

2.7A832E 06 

0.8A3A6 

H 

3 . 260 1 6 E- 1 0 

2.71 5ZAE-05 

8.A50A6E-06 

3 

1.A316E 12 

6.5A112E 06 

0 .997A6 

M2 

2.5<*8A7E-08 

2 . 16A1AE-C3 

5 . 30 766E-0A 

A 

5.373AE 12 

-2.33811E 08 

0.96866 

0 

A.71562E-10 

3.927A2E-05 

I.A7299E-05 

5 

3.A628E 13 

-A.35536E 05 

0.99982 

OH 

7.96583010 

6.63A38E-05 

2.63089E-05 

6 

3.07A3E 10 

-6.8A503E OB 

1.00000 

H20 

2.087 35E-07 

l . 738A6E-02 

A.3333AE-03 

7 

6.8000E 13 

-A.28658E 08 

1.00000 

CM2 

1.07700E-1A 

8 . 96 93 5E - 1 0 

A.0AOA3E-1O 

a 

7.7670E 12 

-7.29538E 06 

0.99992 

02 

2. 19Q52E-06 

1 .82A38E-01 

-3.3C635E-03 

9 

1.3A93E 13 

- 1 . 5889 IE 07 

1.00000 

CM20 

2.33A75E-C8 

1.9AA51E-03 

-1.79A35E-0A 

10 

1.20A3E 1A 

•5.727A2E 08 

0.99998 

HCO 

2.070A7E-11 

l .72AA0E-06 

*1 , 37783E-07 

11 

5.A517E 07 

1.21A12E 07 

0.99923 

C02 

7 .A7021E-10 

6.22160E-05 

3.52261E-05 

12 

S.3D0QE 13 

-5.10366E 05 

1.00000 

CO 

1 .0A025E-07 

B.66378E-03 

2 . A2769E-0 3 

13 

3.0000E 13 

-2.2A739E 05 

1.00000 

M02 

1 .69579E-0i 

1 .A123AE-03 

3.98757E-05 

1A 

2.0000E 13 

-1.05802E 05 

0.99998 

NO 

5 . 28902E- 1 A 

A . AOA 98E-0 9 

l . L 15536-09 

15 

3.0000E 13 

-A.53236E 05 

1.00000 

NQ2 

6 . 026 7 IE- 1 A 

5.01937E-09 

-2.76A18E-10 

16 

A.A390E 12 

1.A8671E 08 

0.99985 

N 

l . 1 A529E- 16 

9.53857E-12 

A . 08529E- 12 

17 

A.0386E 11 

-7.32A36E 06 

0.99935 

M2 

S.96887E-06 

7 .A69’6E-01 

-2.A5511E-10 

18 

1.0287E 1A 

-6.79217E OA 

1 .00000 

CM 

2.52A50E-17 

2. 1025AE 12 

1 . 55509E* 1 1 

19 

5.2776E 06 

-8.56269E OA 

l .00000 

MCN 

7.55631E-IA 

6 .29331E-09 

-2.05751E-09 

20 

1.7883E 12 

1 . 68029E 08 

0.99616 

NCO 

1 .27178E-1A 

1.05121E-09 

-2 63030E-10 

21 

2 . A653E 12 

A . 8890 7 C 05 

0.98378 

MMCO 

8. 9AA11E-13 

7 . AA9 1 AE-08 

-2.7320AE-10 

22 

&.070AE 12 

-1.76725E 07 

0.79966 

MH 

2.A6655E-IA 

2.05A28E-09 

-1 . 5061 IE- 10 

23 

A.6QS6E 12 

A.93A9AC 06 

0 .91906 

MM2 

8.66135E-IA 

7.2136AE-09 

2 . 3766 3E-09 

2A 

1.9979E 15 

2.29673E 08 

0.9177? 





25 

9 . 51 57 E 13 

-1.53763E 02 

0.57669 





26 

A . 7 2 7 A | 1A 

-A.985C8E 02 

0.89966 





27 

*? . 7 2 3 0 E 15 

-1.65665E OA 

0.97990 





28 

7 0100E 1A 

“1 . 1 6 528 E 03 

0.99837 





29 

2.5A72E 10 

8.6105AE 03 

0.99997 
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BSPSBSrt 


c.. 

Or 


MIXTURE rot ECULAR WEIGHT 


SO 

1.9315E 

10 

31 

2.5A72E 

10 

32 

ft .0643E 

12 

33 

3.A207E 

12 

3A 

7 . fl36 7E 

15 

35 

2. 3091 E 

16 

3ft 

l .8735E 

12 

37 

5 . 806 9E 

OA 

38 

A . OOOOE 

13 

30 

1- 3135E 

13 

AO 

8.2027E 

13 

A 1 

l. 7028E 

11 

62 

1 .2000E 

13 

A3 

A .A779E 

13 

66 

2. A025E 

13 

65 

3.7000E 

12 

Aft 

2 . OOOOE 

13 

67 

1 -OOOOE 

13 

Aft 

2 . OOOOE 

13 

AO 

7 . 580AE 

12 

50 

8.7A85E 

12 

51 

1 . 1ft 1 3E 

13 

52 

1 . 0302E 

16 

53 

7 . 5080E 

12 

56 

1 .1776? 

13 

55 

7 .OOOOE 

12 

5ft 

7 . AOOOE 

12 

57 

3.3852E 

00 

58 

3. OOOOE 

13 


2ft. 05325 


TOT At ENERGY EXCHANGE RATE 
I CAL-CM»«3/CM*«2/SEC j 


"2.23066E Of 


I • 2A023E 06 
"3.71662E 06 
“2 . 1 5565E 02 

-i.ftnm 01 

3 . Af f 1 A£ 02 
"1.U627E 03 
" 1 . 31 01 3E 02 
1 .62Z03E 02 
“1 . 5A268E Ob 
"6.05662E-01 
"3.02503E 01 
2 . 26288 E 00 
"0.60656E-02 
1 • f f 505E 00 
”7 . Of 155E 01 
-l.fAfffE 01 
-1.08353E 02 
-2.278A5E-05 
"1.01165E 01 
-1 . f 2507E 02 
" 1 . 826 70E 02 . 
"f • 02C82E 01 
-1 .70518E Oft 
“1 . 8AQQ9E 07 
-A . 20 f ftAE 07 
"ft . 3A f 02E 07 
-ft . Of OlftE 07 
"ft . A3f2ftE 05 
"A.3A710E Oft 

MASS FRACTION SUM 


1.00000 
0. 09099 
0.02A6A 

0 . f 02 I 7 
0. OOSftO 
0 . 00009 
1 .00000 
1 .00000 
0.000A3 
0.33203 
0, 7112ft 
0 . ft 32ft 5 
1.00000 
0.01570 
0. 05A37 
0.90005 

1 .00000 
0.00002 
0.08255 
0 .8A708 
0.03165 
0.00002 
1.00000 
0.00000 
0.00087 
0.00835 
1 .00000 
1 .00000 
0 . 008 l A 


time 2 . ftft 703E-0A SEC 

FLOW PROPERTIES 

PRESSURE 

(AIM) 

VELOCITY 
(CM/ SEC) 

DENSITY 
<GM/cm*3) 
TEMPERATURE 
(OEG K) 

MASS FLOW RATE 
(GM/SEC) 

ehtpopy 
cal/gm/deg k) 
macm number 

GAMMA 

ENTHALPY 
(CAL/GM) 


AREA 1.36117E 03 SQ CM 


AXIAL POSITION A.20000E 01 CM 


1.72710 
1 57A67 . 70 
2.65500E-OA 
217A . ftft 
5.60003E OA 
2.2708 
1.71A6 
1 2707 
3.60A08E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


37 

0 . 56056E-01 
102 


211 

30 


CHEMICAL PROPERTIES 


SPECIES 

CMA 

CM3 

h 

M2 

0 

OH 

H20 

CM? 

32 

CM20 

MCO 

C02 

CO 

MQ2 

MO 

N02 

N 

M2 

CN 

MCN 

NC3 

HNCO 

NH 

MM2 


CONCENTRATION 
(MOl ES/CM* »3 ) 
3.5630AE-08 
0. 05060E-00 
1 8S63AE-08 
A . ft 37 78E"03 
A. 150166-08 
4.6A351E-0G 
7 . 59AAOE-07 
2. 52U0E-12 
1 .20A80E-00 
l -B6C28E-01 
2.33173E-10 
A . 0 305SE-06 
3 - ft 122 3E~0 7 
3 . 021 32E-Q9 
3.236 36E- 1 2 
1 .29587E-1A 
1 . 50550E- 1 3 
7 . Oft 07 3E-06 
3. 32A0AE-U 
1 . 3Q911E-1A 
1.131 3ft E"IA 
2.66012E-1 3 
5.60S01E-15 
5 . 1 282BE" 1 3 


MOLE FRACTION 

3.68133E-03 
0. 360A6E-0A 
1 . 9A897E-C3 
A.79175E-33 
6 . 20 726 E- 0 J 
ft .86AC7E-03 
7 .CA6S3E-02 
2 . 60532E-Q7 
1 .2A<,S0E'0l 
I - 9220AE-0A 
2.60916E-05 
A. 1 7 368E-03 
3.93879E-02 
3. 12163E-0A 
3. 3A378E-07 
1 .33859E-09 
1 .6A856E-08 
7 . 3QAAAE-01 
3 . A 35 3 3E- 1 1 
1.35257E-00 
1 . 168096*00 
2. 7A8A3E-08 
5.88A08E-10 
5.29853E-Q8 


NET SPECIES PRODUCTION 
RATE (M0LE/CM«*3/SEC) 
-2. A0A95E-02 
-5. 98289E-03 
A. 92267E-03 
“ft . 07124E-Q3 
1 . 72A13E-02 
2. A9831E-02 
S. A1216E-02 
-3. 5A99AE-07 
- 7 . 0088 9E-02 
"1.2833AE-05 
"8. 3032AE-05 
1 .411366-02 
1 .61865E-02 
"1.60833E-03 
2 . 21 32AE-06 
"1.30A17E-10 
1.0055AE-07 
"1 . 16091E-06 
1 . 00353E- 1 0 
"1 .A875AE-00 
3 . 06226 E- 1 0 
-7.05188E-08 
A.0S2A8E-12 
5 . 77521 E-08 


1 

7 . 06 ft 1 E 

06 

2 

ft . 026 OE 

12 

3 

2.3703E 

12 

A 

7. A839E 

12 

5 

A.2A77E 

13 

6 

ft .6599E 

10 

7 

ft .8000E 

13 

ft 

o. 3193E 

12 

0 

1 . 7366E 

13 

10 

2. A68SE 

16 

11 

2 . 00 66 E 

00 

12 

5 . 3 0 0 0 E 

13 

13 

3. OOOOE 

13 

16 

2. OOOOE 

13 

15 

3. OOOOE 

13 

16 

0.0952E 

12 

17 

6.2C16E 

11 

1ft 

ft . 0 0 ft 1 E 

13 

10 

3.46536 

07 

20 

A.5101E 

12 

21 

A.0016E 

12 

22 

1.155SE 

13 

23 

A.8021E 

12 

26 

1 .ftOOftf 

15 

25 

a.62i2r 

13 

2ft 

3 . a i ft 7 1 

16 

27 

1.7762E 

15 

2ft 

ft. 1653E 

16 

20 

1.2151E 

11 

30 

0.2335E 

10 

31 

1.2151E 

11 

32 

6.0182E 

\2 

33 

ft . 7 1 1 7E 

12 

36 

7. 3505E 

15 

35 

2.A127E 

16 

36 

3. 27ft8E 

12 

37 

3.0108E 

Oft 

38 

A . OOOOE 

13 

30 

1 . 7 ft 0 0 E 

13 

60 

1.68396 

16 

61 

2.0025E 

11 

62 

1 . 2000E 

13 

63 

ft .2344E 

13 

66 

2. 5380E 

13 

65 

3. 7000E 

12 


NET ENERGY EXCHANGE RATE 
( CAL-CM^hS/GM^mZ/SEC) 
-1.81A80E 09 
A . 57 3566 07 
1 . 22626E Oft 
-3.559UE 00 
"1. 1 07 1ft E Oft 
-5.A8630E Oft 
"2 . 5632AE 10 
"ft . A 0023E 07 
-2 . 31 212E Oft 
-K 25505E 10 
ft . 38285E 07 
“ft . 1 5fl 70F Oft 
"3.50267E Oft 
-1.10956E Oft 
"ft . 851 lftE Oft 
A . 88518E 00 
"5 . A881AE 09 
"2.21632F. 07 
" 1 . 0032SE Oft 
1 . 52621 E 10 
1.A1253E Oft 
"2.7A280E 00 
2 . 228 7 1 E 00 
1.6787AE Oft 
"2.38015E Oft 
-1.90072E Oft 
”1 . 10072E 08 
~6 . 7AA51E Oft 
1.59S15E Oft 
3.5003AE 06 
-0.03837E Oft 
“3.03683E 03 
-2.02150E 03 
"5.3A873E 03 
"2.30560E OA 
"2.8A513E 05 
1.22339E Oft 
"2.02317E 05 
"2.03731E 01 
"5.83A1AE 01 
1.821 OftE 02 
"1.81175E 02 
2.6A95AE 02 
"3 . 7 03ft A f. 02 
-ft . 985Q3E 01 


NET RATE/POSI- 
TIVE DIR RATE 
0.32650 
0.07A56 
0.98866 
0.08377 
0.00073 
1.00000 
1 . 00000 
0.00021 
0.90065 
0.00050 
0.0538A 
1.00000 
0.00900 
0.0000ft 
0 . 00000 
0.0086ft 
0.07872 
0 . 99980 
0.00201 
0 .62671 
0.55A10 
0 . 3ft 1 ft A 
0.30127 
0.11077 
0. 0706A 
0.0J287 
0.08007 
0.0023ft 
0.00060 
0.00082 
0 .00975 
0.86573 
0.95597 
0.5377A 
0 . OS 3 A 7 
0.00001 
0 . 00009 
0.9097ft 
0 .27006 
0.03083 
0.83630 
0.90059 
0.36971 
0 .A0A58 
0.08659 
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niXTURE MOLECULAR WEIGHT 
(GCKP) END OF THIS CASE 


27.63237 


- - :? 
66 
69 

50 

51 
5? 
53 
56 

55 

56 

57 
56 

total energy exchange rate 
( CAL -CM- -3/GH- -2/SEC > 


2 . 00 00E 13 
I • 0 0006 13 
2.0000E 13 
1.2660E 13 
1.5968E 13 
1 . 668 1 E 13 

1.0 929E 16 
7 . 5 36 2 E 12 
1.2691E 13 
7.9000E 12 
7 . 6000E 12 
9.5043E 09 
3.0000E 13 

-6.65682E 10 


- REAO DATA FOR NEXT CASE 


REACTION 

NUtIBER 

1 

2 

3 

6 

5 

6 
7 
6 
9 

10 

11 

12 

13 

16 

15 

16 
17 
16 

19 

20 
21 
22 

25 

26 

25 

26 

27 

28 

29 

30 

31 

32 

33 
36 

35 

36 

37 
36 
39 
60 
61 
62 
63 
66 

65 

66 
67 
66 
69 

50 

51 

52 

53 
56 

55 

56 

57 

58 

59 

60 
61 
62 
63 
66 

65 

66 
67 
66 

69 

70 

71 

72 

73 


TIME-AREA VERSION GENERAL CHEMICAL KINETICS PROGRAM 

GCKP 86 METHANOL - AIR COMBUSTION CASE 6 

REACTION 


M 

♦ 

l . 0-CH3OH 

- 

1 . 0-02 

♦ 

1 . 0-CH30H 

s 

1 .O-OH 

♦ 

1 . 0-CM30H 

Z 

1 . 0-0 

♦ 

1 .0-CH30H 

z 

1 .0-H 

♦ 

1 .0-CH3OH 

z 

1 . 0-H 

♦ 

1 .0-CH30M 

z 

1 . 0-CH3 

♦ 

1 . 0-CH3OH 

z 

1 . 0-HO2 

♦ 

1 .0-CH3QH 

z 

M 

♦ 

1 . 0-CH2OM 

r 

1 . 0-02 

♦ 

1 . 0-CH2OH 
l . 0-CH6 

= 

1 .0-H 

♦ 

1 . 0 -CH 6 

z 

1 . 0-0 

♦ 

1 . 0-CH6 

z 

1 .O-OH 

♦ 

1 .0-CH6 

z 

1 .O-CH 

♦ 

1 . 0-02 

z 

1 .0-CH2 

♦ 

1 . 0*02 

z 

1 . 0-CH3 

♦ 

1 . 0-02 

r 

1 . 0-CH3 

♦ 

1 . 0-0 

s 

1 . 0-CH20 

♦ 

1 . 0-H 

: 

1 . 0-CH2O 

♦ 

1 . 0-0 

5 

1 . 0-CH20 

♦ 

1 .O-OH 

- 

l . O-HCO 

* 

1 . 0-0 

z 

1 .O-HCO 

♦ 

1 .0-H 

z 

1 O-HCO 

* 

1 .O-OH 

z 

n 

♦ 

l .O-HCO 

z 

l.O-CO 

♦ 

1 . O-OH 

z 

l.O-CO 

♦ 

1 . 0-0 

z 

l.O-CO 

♦ 

1 . 0-02 

r 

l . 0-H 

♦ 

1 . 0-02 

z 

1 . 0-0 

♦ 

1 .0-H2 

z 

1 .0-H2 

♦ 

1 .O-OH 

z 

l . O-OH 

♦ 

1 .O-OH 

z 

1 . 0-H 

♦ 

1 . 0-02 

z 

1 . 0-0 

♦ 

1 . 0-0 

z 

1 0-H 

♦ 

1 .0-H 

z 

1 0-H 

♦ 

1 .O-OH 

z 

1 .0-H 

♦ 

1 .0-CH3 

z 

1 . 0-0 

♦ 

l .0-CM3 

z 

1 . O-OH 

♦ 

1 .0-CH3 

z 

1.0-H 

♦ 

1 . 0-CH2 

z 

l . 0-0 

♦ 

1.0-CH2 

z 

1 . O-OH 

♦ 

1 .0-CH2 

Z 

1.0-HO2 

♦ 

1 O-HO 

z 

1 . 0-0 

♦ 

1 . 0 -M 02 

z 

1 .O-NO 

♦ 

1 . 0-0 

z 

1 . 0 -H 02 

♦ 

1.0-H 

z 

l . 0 -N 

♦ 

1 . 0-02 

z 

1 . 0-0 

♦ 

1 . 0 -M 2 

z 

1 .0-H 

♦ 

1 .O-OH 

z 

1 .O-CN 

♦ 

1 .0-H2 

z 

1 . 0-0 

♦ 

1 .O-HCN 

z 

l .O-OH 

♦ 

1 .O-HCN 

- 

1 . O-CN 

♦ 

1 . 0-0 

= 

1 .O-CH 

♦ 

1 . O-OH 

- 

1 .O-CN 

♦ 

1 . 0-02 

- 

1 .O-CN 

♦ 

I.Q-C02 

Z 

1 . 0-0 

♦ 

l.O-NCO 

z 

1 . 0-N 

♦ 

l.O-NCO 

z 

1 .0-H 

♦ 

1 .O-HCO 

z 

1 . 0 -M2 

♦ 

l.O-NCO 

z 

1 .0-MNCO 

♦ 

1.0-H 

z 

1 . 0 *NM 

♦ 

l.O-OH 

z 

1.0-H 

♦ 

1 . 0 -H 02 

z 

1.0-H 

♦ 

1 . 0-H02 

z 

1 . 0-0 

♦ 

1 .0-H02 

z 

1 .O-OH 

♦ 

l .0-H02 

z 

1 .Q-CM3 

♦ 

1 .O-OH 

z 

1 . 0 -M 2 

♦ 

l . 0 -M 02 

z 

1 . O-HCO 

♦ 

1 . 0-02 

z 

1 .O-OH 

♦ 

\ . 0-H202 

2 

1.0-02 

♦ 

1 . 0-H202 

z 

1 0-H 

4 

1 . 0-H202 

z 

M 

♦ 

1 . 0-H202 

- 


1 . 0- CH3 

1 .0- CH20H 

1 .0- CM20M 

1 . 0 - CH2QH 

1 .0- CH2QH 
1 .0-CM3 

1 . 0-CH20H 

1 .0- CM2QN 

1.0- CH2O 

1 . 0 - CM20 

1 .0- CH3 

1 . 0 - CH J 

1 . 0- CH 3 

1 .0- CH3 
1 .0»MCO 

1 .0- CH20 
1 .0-CH20 
1 .0»CH20 
1 . 0-MCU 

1 .0-HCQ 

1 .0- HCO 

1.0- CO 

1 . 0- CO 
1 .0‘CO 

1 .0- H 

1.0- C02 

1.0- CO2 

1.0- CO2 

1.0- OH 

1 . 0- OM 

1. 0- H20 
1 .0*0 

1.0- H02 

1 . 0 - 02 

1 -0*M2 

1 .0- M20 

1 .0- H2 
1 .O-OH 

1 . 0- H20 

1 .0- H2 
l . 0 ■ OH 

1.0- M20 

1 . 0 - N 02 

1 . O-NO 

1.0- N02 

1 . 0- NO 

1 .0- NO 

1.0- NO 

1 . 0- NO 

1.0- HCH 
1 . 0*H 

1 . 0- HNCO 

1.0- CO 

1.0- NCO 
l .O-NCO 

1.0- NCO 

1.0- NO 

1.0- N2 

1 .0- NH 

1 . 0- HNCO 
1 . 0 -NM2 

1.0- N 

1.0- OH 
1 .0-0 

1 -0«0H 

1 . 0- M20 

1 .0- CH2O 

1 .0- H2O 

1.0- CO 

1 .0- H20 

2.0- H02 

1 .0- H02 

2. 0- QN 


1.0- OH 

1 . 9-H02 

1 . 0- M20 

1.0- OH 

1 .0- H2 

l .0-M20 

1 .0- CH6 

1 .0- H2O2 
l .0-H 

1 . 0- MO2 
1 . 0 - M 

1 . 0 * M2 
l . O-OM 
1 . Q-H20 
.0-0 


l . 0-0 


. O-OH 
. 0 - H 
. 0-H2 
. O-OH 
. 0-H20 
. O-OH 
. 0-H2 

1 .0- H20 

1 .0- CO 
1 . 0-H 

M 

1 .0-0 

1.0- 0 
1 .0-H 

1 .0- H 
1 . 0-H20 

n 

M 
M 
M 

1.0- CH2 

1.0- CM2 

1.0- CH2 

1.0- CH 

1 . 0- CH 

1.0- CH 
1 . O-OH 

1.0- 02 

M 

1 . O-OH 

1.0-0 

1.0- N 

1 . 0- H 

1. 0- H 

1.0- NCO 
1. 0-H 

1 . 0- N 

1 .0- H 

1.0- 0 
l.O-CO 
1 .O-CO 
l.O-CO 
l.O-CO 
1 -0-H 

1.0- CO 

1 .0- H20 

1 .0- OH 

1 .0- H20 

1.0- 02 
1.0-02 

1. 0- H2 

1 .0- OH 

1.0- H02 

1.0-H02 

♦ 1.0-H2 


1.36628E 

06 

1.00000 

6.52552E- 


0.99569 

* . 6 0 926 E 

03 

0.99863 

1 . 72698 E 

03 

0.66620 

7 . 16606E 

03 

0.62278 

2.66513E 

03 

0 . 76632 

2.99363E 

09 

0.99765 

■ 3 . 26 96 1 E 

06 

0.99635 

1 . 12198E 

09 

0.99321 

1 .50607E 

09 

0 . 99026 

■6. 53681E 

09 

1 .00000 

9.23933E 

05 

0.99837 

‘6 . 33512E 

09 

0.99850 


MASS FRACTION SUM 


NASA LEWIS RESEARCH CENTER 


REACTION RATE VARIABLES 
A N 


3.20000E 18 

6 . 0 000 0 E 13 
6.00000E 12 
1.60000E 12 
3 . 200 00 E 13 
3.00000E 12 
2.00000E 11 
6.30000E 12 
2.50000E 13 
l.OOOOOE 12 
2.00000E 15 
1.26000E 16 
2 . 0 0000 E 13 
3.00000E 13 
l.OOOOOE 13 
l.OOOOOE 16 
1.70000E 12 
6.80000E 13 
2.00000E 13 

5 . 000 00 E 13 
5.00000E 15 
3.00000E 13 
2.00000E 13 
3.00000E 13 

3 . 000 0 OE 16 
6.00000E 12 
2.60Q00E 13 
1.20000E 11 
2.200Q0E 16 
1.60000E 10 
5 . 2000 OE 13 
4.30000E 12 
1.50000E 15 
5.7QOOOE 13 
6.30000E 17 
8.4Q0Q0E 21 
2.70000E 11 
1.90000E 11 
2.70000E 11 
2 . 90000E 11 
3 . 200 0 OE 11 
5.00000E 11 
1.20000E 13 
l.OOOOOE 13 
5.62000E 15 
2.90000E 16 
6.60000E 09 
1 . 80000 E 16 
6.00000E 13 
6.00000E 13 
5.20000E 12 
6 . OOOOOE 11 
1.20000E 13 
2.50000E 16 
3.20000E 13 
3.70000E 12 
2. OOOOOE 13 
l.OOOOOE 13 
2. OOOOOE 13 
l.OOOOOE 16 
l.OOOOOE 16 
5. OOOOOE 11 
1.60000E 16 
l.OOOOOE 13 
1 . 6 000 OE 13 
7 . 900 0 0 E 12 
7.60000E 12 
7 . 20 0 00 E 11 
3. OOOOOE 13 
l.OOOOOE 13 
6 . OOOOOE 13 
1 . 60000 E 12 
1.30000E 17 


ACTIVATION 

ENERGY 

60000.00 

50900.00 

2000.00 

2300.00 

7000.00 

5300.00 

9600.00 

19600.00 

29000.00 

6000.00 
106000.00 

11900.00 

9200.00 

6900.00 

0.00 

3700.00 

16000.00 

0.00 

3300.00 

6570.00 

13000.00 
0.00 
0 .00 
0.00 

16700.00 

6000.00 
-6560.00 

35000.00 

16790.00 

8900.00 

6500.00 

1093.00 
- 1000.00 
-1766.00 

0.00 

0.00 

25700.00 
25700.00 

25700.00 

26000.00 
26000.00 

60C0.00 

2380.00 

596.00 
-1160.00 

795.00 

6250.00 
76250.00 

0.00 

5300.00 

6100.00 


2600.00 

0.00 

6000.00 

1000.00 

0.00 

0.00 

0.00 

0.00 

9000.00 

8500.00 

1999.00 

1070.00 

1000.00 

1070.00 
0.00 
0.00 

18700.110 

O.CO 

1800.00 
62600.00 

3600.00 

65500.00 


77 


AIL THIRD BODY RATIOS ARC 1.0 EXCEPT THE FOLLOUING 


55) - 2. 00000 
33) ’ 32.50000 
33) = 2.00000 


3B) = 1.60000 
36) =20 .00000 
36) = 1.60000 


33) = 2.00000 

33) = 7.50000 


36) = 1.60000 

36) = 7.50000 


initial step size o.iooooe-o* sec 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR 0.50000E-05 


"" ASSICNED VARIABLE PROFILE »« 

THIS IS A V = 0 PROBLEM - AN ASSIGNED VARIABLE IS NOT REQUIRED 

THE VOLUME (DENSITY) U1LL BE HELD CONSTANT FOR THIS CASE 

AIR - FUEL COMBUSTION, EQUIVALENCE RATIO = 2.0000 OXYGEN FRACTION IN AIR = 0.2005 


TIME 4.00000E-09 SEC 

FLOU PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

<c-/$eo 

DENSITY 

(G .1/cn»N5> 
TEMPERATURE 
(DCG K) 

MASS FLOU RATE 
CGM/SEC) 

ENTROPY 
CAL/GM/DEG X) 
MACH NUMBER 


AREA l.OOOOOE 00 SQ CM 


2. 77821E-09 
1576.02 
0.00000 
2 . 3057 


AXIAL POSITION 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 CM 


0. 1B1B2E-05 


ENTHALPY 

(CAL/GM) 


3 . A 11 67 E 00 


CMEM1C *, c PROPERTIES 


CONCENTRATION 
(MOL F S/CM- *)) 
1 .621 18E-0G 
6 . 89629E-Q9 
1 .673956-09 
1 . I 39 1 5E - 06 
9 . 209286-03 
9.26919E-0B 
5. 980926-0/ 
l 725916-10 
3 . 59721 E-l 0 
9. 1 78 6 <» E - Q • 

3 . 96 25 7 E- 0 9 
7 .6604JE-09 
7 . 51C89E-03 
1 . 82 7 5 1 E- 18 
1 68152E-10 
9. 39773E-1S 
2. 95972E-07 
9. 3103CE-09 
1 • 39 0 5 l E - 1 2 
8. 1 692 7 £ - 1 2 
l . OC 0296- 1 5 
5. 72 1 99E-06 
2 . 86 8 58 E - 1 6 
5. 61270 E- 13 
2.3 19361-19 
8 . 12239E- 12 
9.92595E-19 
3. 36235E-13 
6 .S2936E-03 


MOLE FRACTION 

1 .66771E-01 
7 .099186-09 
1 - 72199E-39 
1 . 17185E-01 
9 . 32995E-0) 

9. 5 3 529 E - Q 3 
6 . 1 52 OCE - 02 
1 .779936-05 
3. 70096E-05 
9 . 29853E-03 
9 . 0 766 1 E*09 
7 .88O3OE-09 
7. 72692E-03 
l .879766-13 
1 . 7297GE-05 

9 . 9 7252E- l 0 
3 . 0 '953E-02 
9 93UOC-09 
1 . 37897E-Q7 
3. 392606-07 
t . Q2977E-10 
5.826226-01 
2. 950926-11 
5 . 7 7 380 E -08 
2.58653E-09 

8 . 9 53 39 £ - 0 7 

9 . 6 9659 E -0 9 
3.95937E-08 
7.025386-03 


•ECIES PRODUCTION 

REACTION 

RATE CONST 

(IIOLE/Cn-t 3/5EC ) 

NUMBER 

CGS UNITS 

-1 . 05615E-02 

1 

2.5788E 07 

9. 03599E-09 

2 

3.99686 06 

3. 31330E-C5 

3 

2 . 1 12 1 E 12 

-8 . 5797600 3 

9 

7 . 6 76 7 E 11 

1 . 6 1599 003 

5 

3 9253E 12 

1 - 208 35009 

6 

9 . 2 0 9 7 1 1 1 

1 . 8 l G66E-02 

7 

8 . 7 508 1 09 

1 . 37557E-05 

8 

1.2856E 10 

2 . 58301 E-Q5 

9 

2 . 3 7 99fc 09 

I 80299E-03 

10 

1.9722E 11 

1 .81562009 

11 

7 . 57 12E 09 

-9 .279096-09 

12 

2 . 5 1 9 5 E 12 

-1 .89859E-03 

13 

1.0599E 12 

9.90617E-13 

19 

9.9166E 12 

6 . 62602006 

15 

1.0000E 13 

7 . 16569E-1Q 

16 

3.06896 13 

1 . 00 785E-02 

17 

1.9956E 10 

1 . 59376009 

18 

6.8000E 13 

7 . 37667E-08 

19 

6.9729E 12 

-7 .20960E-03 

20 

1 - 1621 E 13 

3 . 02993E- 1 l 

21 

7.8798E 13 

-9. 70291E-12 

22 

3.0000E 13 

l . 19&73E-1 1 

23 

2.0000E 13 

-9.21597E-09 

29 

3.Q0Q0E 13 

1 . 90767E-10 

25 

2.7957C 12 

-1 .9G263E-08 

26 

3.109SE 11 

-1.979206-09 

27 

1.1932E 19 

l .862776-08 

28 

1.6819E 06 

0.00000 

29 

1.0331E 12 


30 

1.6595E 12 


31 

6.5258E 12 


32 

9.9990E 12 


33 

2.0693E 15 


39 

1.0088E 19 


35 

5.2669E 19 


36 

3.3818E 15 


37 

1.Q230E 10 


38 

7.7947E 09 


39 

1.0230E 10 


90 

1.2952E 10 


91 

3.15116 09 


92 

2 . 9223E 12 


93 

5.4123E 12 


99 

8 . 267 1 E 12 


95 

8.1395E 15 


96 

2.29996 19 


NET REACTION CONV RATE 
<MOLE-Cn*"3/GM*n2/SEC) 
9 . 769 1 6 E 03 
-3.59059E 03 
7 . 9 1 856 E 09 
2. 730 9 0 E 03 
2.56330E 09 
6.95933E 03 
1.26618E 03 
2 . 98 368 E 09 
1.25987E 09 
9. 132906 09 
-7 . 3 3929 E 02 
“3.76372E 02 
9. 1 286 7 E 00 
2 . QQ905E 01 
2.697186-09 
1 . 96369 E 00 
1.9S020E 03 
1.09829E 03 
2.9-.0906 03 
1 . 95112E 03 
1 . 232 7 1 E OS 
1 . 12767E 01 
1.56735E 01 
1 .09909S 02 
5.819155 09 
1.99189E 03 
7.661536-01 
7.33223E 00 
5.937186 03 
1.99021E 02 
5 . 2 33 1 7 E 03 
-1.11922E 02 
-8 . 19 399E 03 
3 . 6526 5E-09 
8.59538E-03 
6.69955E-01 
3.28766E-01 
1. 19955E-01 
1.52998E 00 
2.99129E-07 
3.05997E-08 
2.75197E-09 
7 . 855 90 E 00 
1 . 50869E- 0 1 
-7.78161E-02 
8.S6069E 00 
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OF. Fo 


MIXTURE MOLECULAR WEIGHT 


25. 5795* 


(CAL-CM*»5/GM*»2/SEC) 


A 7 

1 .3710E 

12 

A8 

A . 6 0 3 A E 

03 

A 9 

A . OOOOE 

13 

50 

1 . 10A6E 

13 

51 

5.8A93E 

13 

52 

1 . 6360E 

n 

53 

1 .2000E 

13 

5A 

3.6805E 

13 

55 

2. 3253E 

13 

56 

3. 7000E 

12 

57 

2.00C0E 

13 

58 

1 . OOOOE 

13 

59 

2. OOOOE 

13 

60 

5.6A88E 

12 

61 

6.6266E 

12 

62 

1 . 0A8AE 

13 

63 

9.9A83E 

13 

6 A 

7.26656 

12 

65 

1 -1369E 

) 3 

66 

7.9000E 

12 

67 

7.A000E 

12 

68 

1.5373E 

09 

69 

3. OOOOE 

13 

70 

5.6235E 

12 

71 

A.950AE 

07 

72 

A.7552E 

11 

73 

6.3735E 

10 

E 

-9.66158E 09 


2. Q2A3AE-02 
6. 09339E-05 
5 . A 7 595E-0 A 
I .A265AE-Q3 
5.6AA88E-02 

-A.00322E-0A 
7 .695Q2E-Q6 
9.82726E-05 
9. 79AO2E-02 
-9.96A15E-02 

1. 12*1 3E-03 

3 . 25853E-Q9 
2. 267A2E-03 
A . 9650AE-Q2 

2 . A 1 3 3 9E- 0 1 
2. 1A319E-02 
A . 297 A 1 E OA 
3. 13910E 
2 . 35580 E 
1 . 558 0 7 E 


03 

03 

OA 


1 .106765 03 


9.21972E 
7.A2986E 
8.12325E 02 
-3.192A7E OA 
~2 . 35 38 1 E CO 
6.1A890E OA 


1.00000 
0.9917A 
0.99982 
0.83162 
0.76916 
0.16738 
1.00000 
0.629 19 
0.99507 
0.999A1 
1.00000 
1.00000 
0.967A8 
0 .6*571 
0 . 950 AO 
0.9999A 
1 .00000 
1.00000 
0.99999 
0.99995 
1.00000 
1.00000 
0.99795 
0.86871 
0.99982 
0.12313 
0.99997 


MASS FRACTION SUM 0.99999923 


TIME 6 . 200Q0E-QA SEC 


FL 014 PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 

(c:i/sec> 

DENSITY 
(Cr/CMr* 3) 

TEMPCRATURE 
(DEG K) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CU/GM/DEC* X) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GK) 


AREA 1 . OOOOOE 00 SO CM 


1.60309 

0.00 

2.77821E-0A 
1909.68 
0.00000 
2.AA85 
0.0000 
1 .21*2 
3.35672E 01 


AXIAL POSITION 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUM8ER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 CM 
26 

0 . 7 6 92 3E-06 
267 


A 76 
65 


CHEMICAL PROPERTIES 


* ' 


i- 


/ 

* 

?! 

r 

j 

s 


SPECIES 

CM30N 

CM3 

OH 

02 

CH20H 

H02 

H20 

0 

H 

M? 

CHA 

M202 

CM20 

CM 

HCO 

CH2 

CO 

C02 

NO 

N02 

N 

N2 

CM 

MCN 

NCQ 

HNCO 

hh 

HK2 

A R 


CONCENTRATION 
(r:OLES/cr:--3) 
1 . 05995E-06 
5 . 0 7 595E- 05 
l . 0 J763C-08 
8. 20173E-07 
1 . AA850E-Q7 
A .6A320E-C8 
1 . 35725E-06 
2 . 055C5E-09 
S.65500E-09 
1 .66902E-07 
3. 1012CE-08 
3. 9A868E-10 
3.22703E-08 
6. 77563E-15 
6 . 37188E-10 
1 . 33909E-12 
7 . 0 920AE- 0 7 
2.0AA35E-08 
7.57309E-12 
2 . 0 1 A 31 6- 1 2 
A . 167015-15 
5.72199E-06 
l .A5773E-15 
3. 75010E-13 
A.7A3A3E-1A 
6 .67898E-12 
5.35199E-1* 
2.01169E-12 
6 .82936E-08 


MCLE FRACTION 


1 -03122E-01 
A. 93832E-03 
1 . Q0955E * 0 3 
7 . 97935E-02 
1 . A0922E-02 
A. 51731E-03 
1 . 96 A £ - 0 1 
2.00011E-0* 
5. 5016 7E-CA 
1 .62377E-02 
3.01713E-03 
3.8A162E-05 
3. 139SAE-03 
6.59192E-10 
6.20107E-35 
l . 30279E-07 
6 .59975E-02 
1 . 988 J5C-03 
7 . 36776E-07 
1 . 95970E-07 
A . 05A03E-10 
5. 566C55-C1 
I.A1821E-1C 
3.6A8A2E-05 
A.61AC2E-09 
6 . A9790E-07 
5 . 20688E-09 
1 . 9571AE-0/ 
6.6AA19E-03 


NET SPECIES PRODUCTION 

rate cmc/cn»«3/5Ed 

-a. 7A267E-02 
8 .23AQ7E-0J 
2.05A6 JE-OJ 
-3.85605E-02 
1 .759865-02 
-7 .58079E-03 
1 . 02120E-01 
A.82950E-OA 
1 . 79312E-C3 
2.31H6E-02 
7 . 3327AE-03 
-1 .67815E-0A 
-1 .81633E-Q3 
5.f6791E-09 
1 .0315AE-OA 
7 .62756E-07 
5 . 2AA 55E-02 
3 . 528 S3E-0 3 
7 . 51991 £-07 
-7 . 36766E-Q7 
l . 1O973E-09 
-3.61A90E-09 
2 . 1 A 962E-1 0 
-3.629UE-09 
2.131 76E-09 
-3. 5996CE-07 
-1.795A2E-09 
3. 539A1E-07 
0 . 00000 


REACTION 

NUMBER 

1 

2 

3 

A 

5 

6 

7 

8 
9 

10 

11 

12 

13 

1A 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2A 

25 

26 

27 

28 

29 

30 

31 

32 

33 
3A 

35 

36 

37 

38 

39 
AO 
A 1 
A 2 
A3 
AA 
A5 
A6 


RATE CONST 
CCS UNITS 
2.02A7E 0 V 
5.61A7E 07 
2.3555E 12 
8.7027E 11 
5.01A8E 12 
1 .2290E 
1 . A 93AE 
3.7037E 
1 . 1 57 IE 
2.0A22E 
2.2009E 03 
5.3957E 12 
1.7505E 12 
6.1265E 12 
l.OOOOE 13 
3.75A5E 13 
A.1750E 10 
6 . 80 00 E 13 
8.3A79E 12 
1.A910E 13 
1.6002E 1* 
3.0000E 13 
2.0000E 13 
3.0000E 13 
6.1213E 
A.810AE 
9.3151E 
1.13A3E 07 
2.5812E 12 
3 . 2*2 OE 12 
9.3025E 12 
A.7170E 12 
1.95*7E 15 
9.1510E 13 
* . 3668E 1* 
2.3252E 15 
A . 7 1 1 IE 10 
3.5752E 10 
A.7111E 10 
5.8617E 10 
1.A289E 10 
A.A516E 12 
6.3902E 12 
8.5A02E 12 
7.6A0AE 15 
< . 3A96E 1* 


12 

10 

10 

10 

11 


12 

11 

13 


NET REACTION CONV RATE 
( MOL E-Crn3/Gn» « 2/SEC) 
2.71777E 05 
-8.22225E 03 
3.33255E 05 

2. A5119E OA 
3 . 820 96 E 05 
9 . 5 A 0 5 1 £ OA 
1.03090E OA 
2.356A0E OA 
2.23203E 05 
3 . 1 A 30 A E 05 

-8.08258E OA 
-1.15683E OA 
1.09361E 03 
6.60679E 03 
7. 19986E-01 
5.3A200E 02 
2.25192E OA 
9 . 1 936AE OA 
1.97196E OA 
1.281A6E OA 
6 . 9 39 ?A£ 05 
5.09315E 02 
9 . 33 96 7 E 02 
2.5707AE 03 
5.19358E 05 
A.56115E OA 
1 . 8086 A E 01 
8.5A669E 01 
1.51A10E 05 
1.2605AE 0* 
1.29116E 05 
-1.3A379E OA 
-1.05258E 05 
A.58083E-02 
1 . 82057 E 00 
7 . 2 1 0 78 E 01 
1.75U2E 02 
A . 8 333 7 E 01 
3 . 2 1 A 30 E 02 
5.A8766E-03 
5.06721E-0A 
7.87A25E-01 
2.6A996E 01 
A.57339E-01 
-9. 1A636E-01 

3 . A6732E 01 


NET RATE/POSI- 
TIVE DIR RATE 
0.95095 
0.92858 
0.99280 
0 . 99763 
0.98113 
0.99961 
0.99029 
0.99779 
1.00000 
0.99992 
0.98918 
Q.A85A8 
0.75630 
0.25865 
1.00000 
0.99991 
1 . OOOQO 
1.00000 
0.99911 
C. 99989 
0.99966 
1.00000 
0.99999 
1.00000 
0.99957 
0.99AA6 
0.99999 
0.99987 
0.97616 
0 .87*61 
0.61856 
0.67128 
0.93591 
0.58937 
0.97597 
0.99198 
0.999A8 
0.9999A 
0.99980 
0.95A22 
0.99A26 
0.9525* 
0.U025 
0.99812 
0.95298 
0.99996 


79 





A7 

2 . 325 1 E 

12 

1 .02931E-01 

C . 99980 

AS 

3.0738E 

05 

A.683A5E-02 

0.99973 

*9 

A . OOOOE 

13 

2 . 22 1 97E-02 

0 . 99156 

SO 

1 . A7A8E 

13 

3 . * 9857E-02 

0 . 77AQ9 

Si 

1 .033AE 

1A 

1 -A0971E-01 

0.13657 

52 

1 . 9059E 

n 

-5. 79663E-02 

0.85780 

53 

1 .2QQ0E 

13 

A.65927E-0A 

0 . 99999 

5A 

5. 105AE 

13 

-S.55960E-03 

0 . 35718 

55 

2.A556E 

13 

3 . 66272E-0 1 

0 . 96291 

56 

3.7000E 

12 

-3. 999A9E-01 

0 . 996 AA 

57 

2. OOOOE 

13 

2 . 5268SE-Q2 

1 .00000 

58 

1 .OOOOE 

13 

2.56051E-08 

0 . 99986 

59 

2. OOOOE 

13 

6 .89665C-C2 

0 . 99223 

60 

9 . 2286 E 

12 

-2 . 0 1 l 96E- 02 

0 . 02081 

61 

I . 0535E 

13 

A . 5856 A E 00 

0 .88953 

62 

i .28A0E 

13 

1 . 2227 9E-02 

0.99826 

63 

1 -05A6E 

1A 

3.58766E 05 

1 . 00000 

6* 

7.6739E 

12 

2 . 61053E OA 

0.99999 

65 

1.2053E 

13 

1.A9036E OA 

0.99983 

66 

7 . 900 OE 

12 

A.92896E OA 

0.999A9 

67 

7 . A 0 0 0 E 

12 

5.0A989E OA 

1 .00000 

68 

5. 09A7E 

09 

5.11520E 02 

1 .00000 

69 

3. OOOOE 

13 

2.01820E 05 

0.99326 

70 

6.2091E 

12 

-7.A2330E 02 

0.69250 

71 

5.Q5A3E 

08 

-1.3A122E OA 

0. 9998A 

72 

5.8503E 

11 

-1.27375E 02 

0.88271 

73 

7.6231E 

11 

A . 0020 IE OA 

0.99837 


MIXTURE MOLECUIAR WEIGHT 
(GCKP) ENO OF THIS CASE 


27.02887 


TOTAL ENERGY EXCHANGE 
t CAL-CM-- 3/GM" -2/SEC ) 


-A . 06502E IQ 


MASS FRACTION SUM 


0. 99999123 


- READ DATA FOR NEXT CASE 


REACTION 

NUMBER 


DISTANCE-AREA VERSION GENERAL CHEMICAL KINETICS PROGRAM 

C3H8 - AIR WELL-STIRRED REACTOR ♦ ROCKET EXPANSION PROS. 
REACTION 


NASA LEWIS RESEARCH CENTER 
GCKP8A CASE 9 


1 

2 

3 

1.0-0 

♦ 

1.0- C3H8 = 1 . 0-C2H5 

1.0- C2H5 = 1.0-C2HA 

1.Q-C2HA = 1.0-0120 

♦ 1.0-CH3 

♦ 1 . 0-M 

♦ 1.0-CH2 

A 

1.0*0 

♦ 

1 . 0-C2HA 

1 . 0-CH3 

♦ 1. O-HCO 

5 

1 . 0 -CH 3 

♦ 

l . 0-C3N8 

1 .O-CHA 

♦ 1.0-C3N7 

6 

7 

1.0-H 

* 

1 . 0-C3H7 
1 . O-CHA 

1 .0-C2HA 
1.0-CM3 

♦ 1.0-CM3 

♦ 1 . 0-H2 

8 

1.0*0 

♦ 

1 . O-CHA 

1.0-CM1 

♦ 1.0 -OH 

9 

1 .O-OH 

* 

1 . O-CHA 

1 .0-CH3 

♦ 1.0-H2O 

10 

1. O-CH 

« 

1.0-02 

1 . Q-NCQ 

♦ 1.0-0 

11 

1 .0-CH2 

♦ 

1.0-02 

1 .0-CH2O 

♦ 1.0-0 

12 

l .0-CH3 

* 

1 .0-02 

1 . 0-CH2U 

♦ l.O-OH 

13 

1 . 0-CH3 

♦ 

1 .0-0 

1 . 0-CH2O 

♦ 1 . 0-M 

1A 

1 . C-CM20 

♦ 

1 . 0-h 

l . 0*HCO 

♦ 1 . 0 -M2 

15 

l . C-CH20 

♦ 

1.0-0 

1 . O-HCO 

♦ l.O-OH 

16 

i . 0*0120 

* 

1 . O-OH 

l.Q»HCQ 

♦ 1.Q-M20 

1 7 

1 . o«hco 

♦ 

1.0-0 

1 .O-CC 

♦ l.O-CH 

18 

1 .O-HCO 

♦ 

1 .0-11 

1.0--O 

♦ 1 . 0-H2 

19 

1 . Q*HC0 

♦ 

1 . O-OH 

i.O-CO 

* 1.0-H20 

20 

M 

♦ 

1 . O-KCO 

1 . 0*H 

* i.o*co 

21 

l.O-CO 

♦ 

1 .O-OM 

l . 0-CO2 

♦ : . o-H 

22 

1 . c-co 

♦ 

1 .0-0 

1 . C-C02 

♦ M 

23 

1 . o-co 

♦ 

1 . 0*02 

1 . 0-C02 

♦ 1.0-0 

2A 

1 . 0-H 

» 

1 .0*02 

1 . O-ON 

♦ 1.0*0 

25 

1 .0-0 

♦ 

1 . C*H2 

1 .O-OM 

♦ 1 . 0-H 

26 

1 . 0-H2 

♦ 

1 .0-011 

1. Q-H20 

♦ 1 . 0*M 

27 

1 . O-OH 

* 

l .O-OH 

1.0-0 

♦ 1.0-H20 

28 

l . 0-H 

♦ 

1 . 0*02 

1 .0-H02 

♦ M 

21 

1 .0*0 

♦ 

1.0*0 

1 .0-02 

♦ M 

30 

l . 0-H 

* 

1 . Q-H 

1 , 0 -M2 

♦ M 

31 

1 . C*H 

♦ 

l.O-CH 

1.0-H20 

♦ M 

32 

1 . Q-M 

♦ 

1 .C-LH3 

l . 0 -M2 

♦ 1.0-CH2 

33 

1 . 0 i 0 

♦ 

1.0-CH3 

1 .O-ON 

♦ 1.0-CH2 

3A 

1 .O-OH 

♦ 

1 .0-CH3 

1.0-H20 

♦ 1.0-CH2 

35 

1 . 0-H02 

♦ 

1 .Q-N3 

1 . 0-NO2 

♦ l.O-OH 

36 

1.0*0 

♦ 

1 . 0-N02 

1 . O-NO 

♦ 1.0-02 

3? 

1 . O-MO 

♦ 

1 .0-0 

1 .0-N02 

♦ n 

38 

1 . 0»NQ2 

♦ 

1 . 0-M 

1 . O-NO 

♦ l.O-OH 

19 

i . 0-M 

♦ 

1 .0-02 

1 .O-NO 

♦ 1.0-0 

AO 

1 .0*0 

♦ 

1 . 0-N2 

1 .O-NO 

* 1.0 -II 

A 1 

1 . Q»N 

♦ 

1 . Q-CH 

1 . O-NO 

♦ 1 . 0 *H 

A2 

l . 0*CH 

♦ 

1 . 0-M2 

1 .O-HCN 

♦ 1 . 0 * N 

A3 

1 .O-CN 

♦ 

l .0-H2 

1. O-HCN 

♦ |.Q’-H 

AA 

1 .0-0 

♦ 

1 . O-HCN 

1 .O-OH 

♦ 1.0'CN 

AS 

1 .O-OH 

♦ 

l . 0 -MCN 

1 . 0-H. ICO 

♦ 1.0-H 

A 6 

1 . O-CN 

* 

l .0-0 

1 .G-CO 

♦ 1.0-N 

A 7 

l.O-CH 

♦ 

1 .O-OH 

1 . O-NCO 

♦ 1.0-H 

A8 

1 .0-H2 

♦ 

1 .O-NCO 

1 . O-IINCO 

♦ 1.0-M 

A 9 

l . O-HtlCO 

♦ 

1 . 0-H 

1 . 0-WH2 

♦ l.O-CO 

50 

1 .O-CN 

♦ 

l .0-02 

l .O-NCU 

* 1.0-C 

51 

1 .O-CN 

♦ 

1 . 0-CO2 

1 . O-NCO 

* l.O-CO 

52 

1.0-0 

♦ 

1 .O-NCO 

1 .O-NO 

♦ l.O-CO 

5 3 

l . 0-M 

♦ 

1 . 0 *MCO 

1 .0-H2 

♦ l.O-CO 

5A 

1 . 0-H 

♦ 

1 .O-NCO 

1 . O-NH 

♦ l.O-CO 

55 

l . OMIH 

♦ 

1 .O-OH 

l . 0-N 

♦ 1.0-H20 

56 

1 .O-CM 

♦ 

1 .0-CU2 

1 . O-HCO 

♦ l.O-CO 

57 

1 . 0-H 

♦ 

1 0-C2MA 

1 . 0 -M2 

♦ 1.0-L2M3 

58 

1 . O-OM 

♦ 

1 . 0-C2HA 

l . 0 -H2C 

♦ 1.0-C2H3 

59 

r» 

♦ 

1 . 0-C2M3 

1 .0-C2H2 

♦ 1.0-M 

60 

l .0-0 

♦ 

1 . 0-C2H2 

1 . 0-CM2 

♦ l.O-CO 

6 1 

l . Q'H 

* 

1 .0-CM2 

1 . 0-H2 

♦ l.O-CH 

62 

1 .0-0 

♦ 

1 .0-CH2 

1 .O-OH 

♦ l.O-CH 

63 

1 .O-OH 

♦ 

1 . C-CH2 

1 .0-H2O 

♦ l.O-CH 


REACTION 

RATE VARIABLES 


A 

N 

activation 



ENERGY 

A.50000E 16 

0.0000 

8A900.00 

3.16000E 13 

0.0000 

A0700 .00 

2.50000E 13 

0.0000 

5000.00 

2.26S00E 13 

0 .0003 

2700.00 

2 . 0 0 0 0 0 E 13 

0.0000 

10300.00 

A.OOOOOE 13 

0 . 0000 

33100.00 

1.2600QE 1A 

0.0000 

11900.00 

2 . 0 0 0 0 0 E 13 

0 . 0000 

9200.00 

3.0C003E 13 

0.0000 

6000.00 

1 . OOOOOE 13 

0.0000 

0.00 

1 .00000 6 1A 

0.0000 

3700.00 

1.70000E 12 

0.0000 

1AOQO. 00 

6 . 8 0 0 0 0 E 13 

0 .0000 

0 .00 

2. OOOOOE 13 

0 . 0000 

3300.00 

5. OOOOOE 13 

0.0000 

A570.00 

5.00C03E 15 

0.0000 

13000.00 

3. OOOOOE 13 

0.0000 

0 . 00 

2. OOOOOE 13 

0.0000 

0.00 

3. OOOOOE 13 

0.0000 

0 .00 

3. OOOOOE 1A 

0.0000 

1A700 .00 

A.OOOOOE 12 

0.0000 

8000.00 

2.80Q00E 13 

0.0000 

-A5AO.OO 

1 .200006 11 

0.0000 

35000.00 

2.20000E 1A 

0 .0000 

16790.00 

1 .60Q00E 10 

1.0000 

8900.00 

5.20000E 13 

0.0000 

6500.00 

6 . 30000E 12 

0.0000 

1093.00 

1.5C00QE 15 

0.0000 

* .000 . 00 

5.7000QE 13 

0.0000 

-1788.00 

8.30000E 17 

>1.0000 

0.00 

8.AOOOOE 21 

-2.0000 

0.00 

2.70000E n 

0.6700 

25700.00 

1 . 90 000 E 11 

0.6800 

25700.00 

2.700COE 11 

0.6700 

25700.00 

1 . 20000E 13 

0.0000 

2380.00 

1. OOOOOE 13 

0.0000 

596.00 

5.62000E 15 

0.0000 

-1160.00 

2. OOOOOE 1A 

0.0000 

795.00 

6 . A 0 0 0 0 E 09 

1.0000 

6250.03 

1.80009E 1A 

0.0000 

76250.00 

A.OOOOOE 13 

0.0000 

0 .03 

1.50000E 11 

0.0000 

19000.00 

6. OOOOOE 13 

0.0000 

5300.00 

l.AOOOOE 11 

0.6800 

16900.00 

A.OOOOOE 11 

0.0000 

2800 .00 

1 . 20000E 13 

0.0003 

0 . 00 

2.50C00E 1A 

o.coco 

6030.00 

1. OOOOOE 1A 

0.0000 

9000 .00 

1. OOOOOE 1A 

0.0000 

8500.00 

3.20000E 13 

o.ooco 

1000 . 00 

3.70000E 12 

0.0000 

0 .00 

2. OOOOOE 13 

0.0000 

0.00 

1. OOOOOE 13 

0. uOOO 

0.00 

2. OOOOOE 13 

0.0000 

0.00 

5. OOOOOE 11 

0.5000 

2000 . 00 

3.70000E 12 

0.0000 

0.00 

1 . 1 OOOOE 1A 

0 .0000 

8500.00 

1. OOOOOE 1A 

0.0000 

3500.00 

3. OOOOOE 16 

0.0000 

A0500 . 00 

5.2000CE 13 

0.0000 

3700.00 

2.9Q0Q0E 11 

0.7000 

26000 .00 

3.20000E 11 

0.5000 

26000.00 

5. OOOOOE 11 

0.5000 

6000.00 


grig ;:-’- 

OF FCC ., 


64 

65 

66 
6 / 
68 
6 9 

n 

M 

74 

75 

76 

77 

78 


1 . 0-CH 
1 . Q-CM 
l . 0-CM3 
1 . 0-M2 
i . O-MCO 
1 - 0-C2H5 
1 . 0-M 
1 . 0-CH3 
l . Q-OH 
1 . 0-C2H 
1 . 0-C 2H 
1 . Q-C2H2 
n 

i . o-o 

M 


♦ i.o-mo 

♦ i . q-nu 

♦ 1 • 0 * O H 

♦ 1 . 0 - MO ? 

♦ 1 . 0-02 
♦ 1 . 0*02 

♦ 1 • 0 " C 2 M 5 

♦ 1 . 0 - CM 2 

♦ 10 - C 2 H 2 

♦ 1 . 0*0 
♦ 1 . 0-02 
♦ 1 . 0-02 

♦ 1 . 0 - C 2 M 2 

♦ 1 . Q - C 2 H 2 

♦ 1 . 0 - C 2 M 5 


l . 0-N 
1.0-0 
l . 0 -CH20 

1 . 0- M20 

l . o-co 

1 . 0- C2M4 
1 • 0-C2M4 
1 - 0-C2H4 

1 . 0- C2M 
1 .O-CO 

1 . 0- MCO 

2 . 0- MCO 

1 . 0- C2H 
1 . 0-C2H 

1 • 0-C2H4 


♦ i.O-HCO 

♦ 1 . O-HCH 

♦ 1 . 0 -H 2 

♦ 1.0- ON 

♦ 1 . 0-MO2 

♦ 1 . 0 - H 02 

♦ 1 . 0 - H 2 

♦ 1 . 0 -M 

♦ 1 . 0 - M 20 

♦ 1.0-CM 

♦ l.O-CO 

♦ 1.0-H 

♦ 1 . 0 -OH 

♦ 1 . 0-H 


1 . OOOOOE U 
l.OOOOOE 13 
7 . 4 0 0 Q 0 E 12 
7 . 20 0 0 0 E 11 
l.OOOOOE 13 
1.50000E 12 
4.80000E 13 
2 . OOOOOE 13 
6. OOOOOE 12 
l . 4O0OOE 1 3 
l.OOOOOE 13 
6 . OOOOOE 12 
l.OOOOOE 16 
3 . 20 0 0 0 E 15 
6 . 80 0 0 0 E 17 


0.0000 
0 .0000 
0 . oooc 
0 .0000 
0 . oooo 
0 . oooo 
0.0000 
0.0000 
0 .0000 
0 . OOOO 
0 . OOCO 

0 . o ft oo 
0 . 000 c 
-0 .6000 
0.0030 


0.00 
0 . 00 
0 .00 

18700 . 00 
0 . 00 

6660 . 00 
0 .00 
0.00 

7000 . 00 

3150.00 

7000.00 

28000 . 00 
116000.00 

17000. 00 

31600.00 


n(02 

n<M20 

mco 


28) = 2.00000 
28) = 32.50000 
28) = 2.00000 


AU THUD tODT RATIOS APE I., EXCEPT IH£ fouou , H( . 


ruc2 

M( H20 

ruco 


3D = 1.60000 

31 ) = 20 . 00000 
3D = 1.60000 


H( M2 
M(C02 


28) = 2.00000 
26) = 7.50000 


M< N2 
M(C02 


. 31) = 1.60000 

• 31) = 7.50000 


INITIAL STEP SIZE 0 . 1 OQOOE-06 cm 


integration controls 


MAXIMUM relative error o.iooooe-oj 


"■ assigned variable PROFILE 
WELL - STIRRED REACTOR CASE - AREA IS REACTOR VOLUME 


HEAT TRANSFER CASE QDOT ( CAL/SEC ) = 


0 . 00000 ) T*«2 ♦ ( 5 . 0000QE-Q2 ) T ♦ (-4.28S00E 01) 
11 INITIAL CONDITIONS in 


TIME 0.00000 SEC 


AREA 6.02600E 03 $Q CM 


AXIAL POSITION 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
1CI1/SEC) 
DENSITY 
< GM/CM* * 3 ) 
TEMEERATURE 
(DEC K ) 

MASS FLOW RATE 
(GM/SECi 
Entropy 
cal/c:i/deg jo 

MACH NUM3ER 
GAMMA 

enthalpy 

(CAL/GM) 


5.00000 

0.00 

2 . 96319E-03 
616.00 
8.50000E 01 
1.7275 
0.0000 
1 2956 
3 . 60538E 01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


2 . 0 00 OOE-0 1 CM 


0 


0.00000 

0 


0 


0 


HEAT LOSSC OOOT/TOTHAS ) = -1.4329E-01 CAL/G 


CHEMICAL PROPERTIES 


SPECIES 

C3M6 

C2MS 

CM3 

C2M6 

M 

0 

0.20 

CH2 

MCO 

CM6 

C3H7 

H2 

OH 

H20 

CM 

02 

CO 

C02 

HQ2 

NO 

N02 

H 

M2 

MCN 

CN 

HNCO 

NCO 

NH2 

MM 

C2H3 


MASS FRACTION 

8 . 7 326 1 E- 02 
0.00003 
0 .00000 
0 . 00000 
0 .00000 
0.00000 
0 . 00000 
0.00000 
0. 00000 
0 . 00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0 .00000 
2. 11232E-01 
0.00000 
6 . 16200E-06 
0.00000 
0.00000 
0 . 00000 
0 . 0000 Q 
A .89289E-01 
0 .00000 
0.00000 
0 .00000 
0 .00000 
0 .00000 
0. 00000 
0 .00000 


MOLE FRACTION 

5 . 91295 E -02 
0.00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
o.coooo 

0 . QOOOO 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1 97115 E -01 
0.00000 
2 . 8237 0 F -06 
0. 00009 
0 .00030 

0 . oocoo 
0 .00000 
7. 36701E-01 
0 . 00000 
0 .00000 
0.00000 
0 . 00000 
a . ooooo 
0 .00000 
0.00000 


NET SPECIES PRODUCTIQ 
RATE IM0LE/CM--3/SEC 
•1.5 92 35c - 19 
1 .59235E-19 
1.592 35E- 1 9 

o . ooooo 
o .ooooo 
1.36586E-35 
0 .00000 
0.00000 
0.00000 
0.00000 
o . ooooo 
0.00000 
0.00000 
0 .00000 
0 . 00000 
•6 . 7286 l E-36 
1.61Q26E-39 
•1.61026E-39 
0 .00000 
0.00000 
0 .00000 
0 . ooooo 
0 . 00000 
0 . 00000 
0 . ooooo 
o . ooooo 
0 . ooooo 
0 .ooooo 
0 . ooooo 
0 .00000 


REACTION 

NUMBER 

1 

2 

3 

6 

5 

6 

7 

8 
9 

10 

11 

12 

13 

16 

15 

16 
17 
16 

19 

20 
21 
22 
23 
26 

25 

26 
27 
23 

29 

30 


rate con 

CCS UNI 
2.71366- 
1.0298E- 
6.1516E 
2 . 6721E 
6.3133E 
A . 61 16E 
7.3221E 
1 .06256 
2 . 1 95 IE 
1 .0000E 
6.8195E 
1 .7470E 
A.8000E 

1. 3379E 
l- 1811E 
1.1795E 
3 . OOOOE 

2. OOOOE 
3. OOOOE 
1.7569E 
5.6820E 
1 . 1565E 
6. 1796E- 
2.3236E 
7.5082E 
2.5256E 
2 . 572 1 E 
3.40666 
266786 
1.35186 


NET REACTION CONV RA1 

(MOL E-CMflii 3/GflM«2/SE( 
1-81351 E~ 14 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o . ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
-1 . 83 390 E- 34 
0.00000 
0.00030 
0.00000 
o . ocooo 
0 .ooooo 
0.00000 
•7.66268E-31 
0. ooooo 


NET RATE/POSI- 
TIVE DIR RATE 

1. 00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . ooooo 

0 . ooooo 
0.00000 
0.00000 
0 .00000 

1 - OOOOO 
0 . OOOOO 
0 .00000 
o . ooooo 
0 .ooooo 
0.00000 
0.00000 

1 .00000 
0.00000 


81 


ft ’ «Ai:iiai 



CJH? 

AR 


0 .00000 
0 .00000 
1 .173706-02 


0 ooooo 

0 . 30000 

8. 77265E-03 


OWCv.V , - • 
OF FOCil ■ 


MIXTURE MOLECULAR WEIGHT 29.85855 


o .ooooo 

31 

2 . 2231 E 16 

0.00000 

52 

1 • 6 180E 06 

o .ooooo 

33 

1.0660E 06 


36 

1.6180E 06 


35 

1.7062E 12 


36 

6.1356E 12 


37 

1.6562E U 


38 

1.5115E 16 


39 

2 . 3626E 10 


60 

1 . 3017E-13 


61 

6.0000E 13 


62 

2 . 5891 E 06 


63 

7.7920E 11 


66 

1.0632E 07 


65 

6.0310E 10 


64 

1.2000E 13 


67 

1.8293E 12 


68 

6.2589E 10 


69 

9.6292E 10 


50 

1.610QE 13 


51 

3.7000E 12 


52 

2.0000E 13 


53 

1.0000E 13 


56 

2.0000E 15 


55 

2.6053E 12 


56 

3.7000E 12 


57 

1.0372E 11 


58 

5.6780E 12 


59 

L.1515E 02 


60 

2.5062E 12 


61 

1.S660E 06 


62 

6.M25E 03 


63 

9.Q656E 10 


66 

l.OCOOE 16 


65 

l.OOOOE 13 


66 

7 . 6000 E 12 


67 

1.5392E 05 


68 

3 . 0 00 0 E 13 


69 

2.7938E 10 


70 

6.8000E 13 


71 

2.3000E 13 


72 

1.9366E 10 


73 

1.0590E 12 


76 

3.2260E 10 


75 

6.3216E 02 


76 

2 . 6665E-27 


77 

6.Q622E 07 


78 

3.2620E 06 


0 .00000 
0 .00000 
0.00000 
0.00000 
0 . OOf 00 
0.00000 
0.00000 
0 . ooooo 
o . ooooo 
0 .ooooo 
0.00000 
0 .00000 
0 .00000 
0 . oococ 
0 .00000 
0.00000 
0 .00000 
0 . ocooo 
0.00000 
0 .00000 
0 .00000 
0.00000 
0.00000 
0.00300 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
0.00000 
0 .00000 
o.coooo 
0.00000 
0.00000 
0 . oooco 
0 .00000 
0.30000 
0 .00000 
0 .00000 
0.00000 
0.00000 
0 .00000 
o .ooooo 
0 .00000 
0 .00000 
0.00000 
0.00000 
0 . ooooo 


0.00000 
0 .00000 
0 . ooooo 
0 . ooooo 
0. ooooo 
0.00000 
0 .00900 
0.00000 
0 .00000 
0.00000 
0 . ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . ooooo 
0.00000 
0.00000 
0 . ooooo 
0 . ooooo 
0 . ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.30000 
0.00000 
0.00000 
0.00000 
0 .00000 
0.00030 
0.00000 
0.00000 
0.00000 
0 .00000 
0.00000 
0.00000 
0 .00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0 . ooooo 
0 . ooooo 
0.00000 
0.00000 


TOTAL ENERGY EXCHANGE RATE 1.553UE-09 
<CAl-Cn««3/G:i**2/SEC) 


MASS FRACTION SUM 0.99999976 


-■EQUILIBRIUM CONDITIONS ■** 


time 0.00000 SEC 


AREA 6 . 026 0 0 E 03 $Q CM 


AXIAL POSITION 2.00000E-01 CM 


FLOW PROPERTIES 


PRESSURE 

(ATM) 

VELOCITY 
t CM/SEC ) 
OEHSITY 
(G;i/CM**3) 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 
(C.-l/SEC) 
EHIRCPY 
CAL/C;i/DEG X) 
n-‘,CH MUI10ER 

GAMMA 

ENTHALPY 

(CAL/GM) 


5. OOOOO 
0.00 

7 . 12366E-06 
2205.19 
S.50000E 01 
2.3531 
0.0000 
1.2663 
3 . 6 066 9E 01 


INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 0 

AVERAGE STEP SIZE 0.00000 

TOTAL NUMBER OF STEPS 0 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


HEAT LOSSIQOOT/TOTMAS) = 7.9270E-01 CAl/G 


CHEMICAL PROPERTIES 


SPECIES 

C3H8 

C2H5 

CM3 

C2M6 

H 

0 

CH20 

CH2 

MCO 

CH6 

C3H7 

H2 

OH 

H20 

CH 

02 

CO 

CO? 

ho ;' 

NO 

N02 

N 

N2 

HCN 


MASS FRACTION 

MOLE FRACTION 

6.60970E-09 

2 . 57806E-09 

2 . 9062 0 E-0 9 

2.57806E-09 

l .50350E-09 

2.57806E-09 

2.80560E-09 

2.57306E-09 

2 . 52253E-05 

6 . 651 76E-06 

9.1 1820E-07 

1 . 66 925E-06 

2.62073E-08 

2 . 07866E-08 

1 .60270E-09 

2.57806E-09 

8. <*29356-08 

7.93291E-08 

1 .6063QE-09 

2 . 57SQ6E-Q9 

6 . 30890E-09 

2.578066-09 

6 ,3 r 686t-03 

6 . 262 33E-02 

1 . 37 9S5E-06 

2.09122E-06 

6.86391E-02 

1 . 6 1 1 65E-0 1 

1 . 301 JOE-39 

2. 57806E-09 

1 73561E-06 

1 . 39921E-06 

1 . 1 6 6 32 E -Q 1 

1 . 0 7 36’«E-Q 1 

7 86322E-C2 

6 . 6 0 6 1 ( E-02 

3. 300S0E-09 

2. 57806;- 09 

3.636266-05 

3 - 1 22‘»( >05 

6.60060E-09 

2 . 57f 0-.I--09 

2.56610E-09 

6 . 6 8 G 1. - 0 9 

6 .8927 7E-01 

6 . 3'.3‘-^:-01 

8.55613E-08 

«. l6i":E-03 


NET SPECIES PRODUCTION REACTION 
RATE :r.OLE/CM--3/SEC) NUMBER 


-I.23S16E-05 1 

“1. 13991 E-03 2 

1 . 50621E-0 3 3 

2.666606-93 6 

1.1591SE-03 5 

1.02626E-07 6 

3.39108E-Q9 7 

7 .6906 IE-08 8 

3.6I857E-07 9 

6 . 06 2Q9E-Q8 10 

-1.69389E-03 11 

-1.13909E-06 12 

? . 78653E-06 13 

-2.91665E-06 16 

-6.31876E-07 15 

6 . 26289E-09 U 

1 .6712 1 E“07 17 

-1.22691E-07 18 

-l. 908706-09 19 

3.59720E-Q7 20 

*3 . 66625E-Q 7 21 

8.63199E-09 22 

-2.65151E-09 23 

2.17032E-06 26 


RATE CONST 
CCS UNITS 
1.7339E 08 
2.9263E 09 
7.9876E 12 
1.2206E 13 
1.9065E 12 
2.0971E 10 
8.33676 12 
2.6506E 12 
7.6292E 12 
1.0000E 13 
6 . 2 986 E 13 
6.9655E 10 
6.800QE 13 
9 . 6 1 8*E 12 
1.7622E 13 
2.5738E 16 
3.0000E 13 
2.0000E 13 
3.QJOQE 13 
1.0677E 13 
6.6667E 11 
7.8905E 13 
6.0779E 0? 
6.7689E 12 


NET REACTION CONV RATE 
(MOL E-CM--3/GM* -2/SEC) 
2.633996 01 
6.10632E 02 
6.55171 E-05 
6.95563E-05 
6.93072E-10 
2.96383E 03 
-6. 17«26E-02 
*6. 13361E-Q5 
-1 .83030E-02 
5.62760E-05 
2.33265E-06 
3.75789E-07 
3.85225E-06 
-1 . 32565E-06 
-6.02171F-08 
-6.980206-05 
-2. 18871E-07 
1 .68096E-06 
-1.6 1 136E-05 
-2.33S73E-QS 
7 .25609E-01 
-6 . 1867 0 E- 06 
7 . 08 76 9 E-0 7 
2 . 82328E-06 


NET RATE/POSI- 
TIVE DIR RATE 
1.00000 
0.99980 
0.99992 
1.00000 
0.0363S 
1.00000 
0.76731 
0.76732 
0.76732 
1.00000 
0.99989 
0.99603 
0.99603 
0 . 00001 
0.00005 
0.00003 
0.00006 
0.00000 
0.00002 
0.00000 
0.00003 
0.00001 
0.00008 
0.00006 


82 





ORIGINM- 

7"» # ■ 

* • • 

\ 






OF POOR 

fV * 

\ - .. 

:\Li 1 7 



CN 

2 60180E-09 

2. 57806E-09 

-2. 362566-06 

2S 

5.20791 12 

-3.076116-02 

0.00006 

r*r« r Q 

<. srj!2F-oa 

2.61063C-Q8 

l S3672E-Q6 

26 

1.1/986 13 

-5.256176 00 

0.00002 

Jr 

6 . 2 3 1 / r. E * 0 9 

2. 578066-09 

-1 . 3 92 1 6 E - 06 

2/ 

6.90936 12 

6.6673QE-Q3 

0 . 00002 

** " .? 

1 -os 

3.069456-06 

3.293316-12 

28 

1.CS65E 15 

-1 .27656C-L2 

0.02707 

SM 

1 .56695c 29 

2.65607E-09 

2.S65B6E-Q8 

29 

8.57196 13 

-6 . 53963C-10 

0.00006 

. H 3 

2.73 *. 0 : 6-09 

2.57806E-Q9 

-5. 97269C-C6 

30 

3.7638E 16 

8. 32726E-06 

0.00000 

CJM.J 


2.5/8C66-09 

S.7556?fc-C6 

31 

1.7276; 15 

-9.16938E-C6 

0.00002 

C2H 

2.50303L-99 

2. 57606E-09 

-3.618336-08 

32 

1.3517E 11 

-1 .819831-02 

0.98202 

* *i 

1.1/ WOE-92 

7 . 5766 7E-03 

C .00000 

33 

1 . 0 1 2 1 E 11 

- 3 . 16986E-C5 

0.98202 





36 

1 . 33176 11 

-5. £98816-03 

0.98202 





35 

6.9/12E 12 

-9 . 20762E-Q3 

0 .91600 





36 

8 . 7 28 6 E 12 

6.56782E-05 

0.91827 





37 

7.3232E 15 

-1 .549526-01 

0.91628 





3& 

2.61386 16 

5 . 55866E-0 1 

0 .91828 





39 

3.3901E 12 

l . 689376-09 

0.00006 





60 

6 . 99 30 E 06 

-3. 35632E-07 

0 .00005 





si 

6.0000E 13 

5. 7 74046-08 

0 . 00000 





6 2 

\ . 94 336 C9 

6 .831596-03 

1 .00000 





<.3 

l . 7 901E 1 3 

6.28 3226 00 

0 . 986 32 





66 

5.5560c 11 

-0 . 29U6C-03 

0 . 98632 





65 

2. 1 1 1 3 E 11 

-I . 973346-08 

U .03000 





66 

1.20306 13 

6 .731656-05 

0.98632 





67 

6 . 3 5 7 7 £ 13 

2 . 38698E-02 

0 66266 





68 

1 2J26E 13 

3.02629E 00 

0.97062 





69 

1 .6 3 76 E 13 

6 .698986-56 

0 .00002 





SO 

2 . 56 7 1 £ 13 

6 . 39363t - 05 

0.66769 





SI 

3.703CE i 2 

3. C5711E-01 

0 . 6 266 





S2 

2.003CE 13 

1 . 1C656E-06 

0 97082 





53 

1 .00306 13 

1 . 7633l£-0‘* 

0 97082 





56 

2.0000E 13 

6.8591 2E-02 

0 . *7032 





55 

1.6376E 13 

-5 . 84 7 126-L8 

0 . lSODO 





56 

3.700‘E 12 

6.61073E-0*i 

1 . OOOQ 





57 

1.5312E 13 

-2. 596706-01 

0.86/6 





58 

6 .69916 13 

-2.393126-0) 

o . a o 7 c w 





59 

2.9059E 12 

1 . 127096 0! 

0.99991 





60 

2.2352E 13 

1 . U566E-C6 

0.87567 





61 

1 . 63256 11 

-1.376136-02 

0 . 9702' 





62 

3.9C196 10 

-7.605036-04 

0.970-7 





63 

5 . 9 7 1 0 E 12 

-1 . 580676-01 

0.97027 





66 

1 . 000 OE 16 

1.21117E-02 

1.00000 





65 

1 . 00C3E 13 

1 .211176-03 

1 .00000 





66 

7 . 60 0 3 E 12 

5.966636-33 

0.99603 





67 

1 . 0093E 10 

6.63123E-05 

0.02705 





68 

3.0000E 13 

-1 . 37 386E-06 

0.02707 





69 

6 . 9600 E 11 

2.686956-06 

0.99980 





70 

6.60096 13 

1 . 20 1 0 0 C -0 1 

0.99980 





71 

2.0000E 13 

-1.M 96 7E-05 

0.98611 





72 

1 .2165c 12 

-7 . 098666-02 

0.96631 





73 

6.8225E 12 

3.645666-05 

0.96277 





76 

2.0262E 12 

1 . 09861E-05 

1.00000 





75 

6 . 7 1 5?£ 00 

3.6666QC-08 

0.99999 





76 

5.0326C 02 

-1.606566-07 

0.98631 





77 

6.52C2E 11 

-2.677566-06 

0.93631 





78 

6 . 7 96 3 E 16 

1.860076 03 

0 . 99980 


MIXTURE MOLECULAR HEIGHT 25.78036 TOTAL ENERGY EXCHANGE RATE 1.652566 OS MASS FRACTION SUM 1.00001621 

(CAl-CM»*3/GM*-2/SEC) 


UELLSTIRREO REACTOR CALCULATION... C3HS - AIR UEIL-STIRRED REACTOR ♦ ROCKET EXPANSION PROS. GCKPS6 CASE 9 




INITIAL STATE 

FINAL STATE 

FINAL/INITIAL RATIO 

PRESSURE 

ATM 

5 . 00000 

5.00000 

1 .00000 


DEC K 

6 1 6 . 0 C 0 

2198.85 

3.58119 

EM^OPr 

CAL/GM/K 

1 . 7 ? 1 5 l 

2 . 36216 

1 . 35579 

: L m 5 1 1 r 

r:i/CM«*3 

2. 963156-03 

7.166376-06 

0.26117 

e*« f Hu pf 

CAL/ GM 

36 . "-*38 

35 . 2653 

0 .978130 

r.GL. ur. 

OF MIXT 

29.:5C6 

25. 7582 


Ga*:ma 


l .2956 

1.2663 



SPECIES 

MOLE FRACT 

MASS FRACT 

MOLE FRACT 

MASS FRACT 

C3H8 

5.91295E-02 

8.732616-02 

2.57882E-09 

6 .609706*09 

C7MS 

0 .00 000 

0.00030 

2.578J2E-09 

2.906206-09 

CM3 

0 . QCOOQ 

0.03000 

1 .606C6C-05 

9.356526-06 

C7H6 

0 . occoo 

0.00000 

1 . 1756S:-06 

1 .27876E-06 

M 

0 .05000 

C .00030 

l .175132-03 

6.593176-05 

0 

0 .00000 

0 .00003 

5. 112CCC-06 

3.171616-06 

CH20 

0 .00000 

0 . ooooo 

5.23931E-07 

6 . 100296-07 

0*2 

0 . 30000 

0.00000 

3. 78767E-06 

2 .060236-06 

HCO 

0 .00000 

0 . ooooo 

l . 51613C-07 

1 .703806-07 

CH6 

0 .03000 

0 . ooooo 

3.63997E-05 

2.160036-05 

C IH? 

0 .0000 0 

o . ooooo 

2. 57882E-09 

6.308906-09 

M2 

3.00000 

0 . ooooo 

6.182116-02 

6.632666-03 

CH 

0 . ooooo 

0.00000 

3.82912F-06 

2.525306-06 

H2: 

0 .00000 

3.00000 

1 .612356-01 

9.869286-02 

CH 

0 . ooooo 

0.00000 

6.29721E-08 

2.169626-08 

02 

1.97H5C-01 

2. 112326-01 

2. 339396-05 

2.902636-05 

cn 

0 .00000 

o. ooooo 

1 .0661 56-01 

1 .155886-01 

C02 

2 .823706-f S 

6 . 1 6 20 0 £-06 

6.63922E-02 

7 . 9 1 72 7 C-02 

HC2 

0 . 33000 

0.00000 

7 .856976-08 

1.00532E-C7 

NO 

0 . OCOOO 

o. ooooo 

5.63310E-05 

6.321716-05 

N02 

0 . ooooo 

0.00000 

2.57832E-09 

6.60 0606*0 9 

H 

0 . ooooo 

0.00000 

2.875766-08 

1 .56200E-08 

n7 

7 . 36 7 Q1E-01 

6 .692896-01 

6 . J6516C-Q1 

6 . 89256E-Q 1 

h:n 

0 . ooooo 

0 .00000 

2 .277696-06 

2 . 36660E-06 

CN 

0 .0 0 000 

0 .00000 

2 . 57882E-09 

2.60130E-09 

Ml'CO 

0 . oocoo 

0.00300 

5 . 92172E-07 

9.879796-07 

NCO 

Q . ooooo 

0 .ooooo 

2 . 57C82E-09 

6.2017 QC-09 

NM2 

0 .00000 

0 .00000 

1 . 387266-06 

8 .619336-07 

Ml 

0 . 0 0 300 

0 . OlOCO 

2.27379E-08 

1 . 323906-06 

C2H 3 

0 .0 300 0 

0 .00000 

6 . 03391E-06 

6 . 33651E-06 

C7H? 

0.00000 

0.03000 

2.665666-06 

2.873216-06 

C 2 H 

0.00000 

Q .30000 

7 . 16239E-06 

6 .932396-06 

A R 

8.772656-03 

1 . 173706-02 

7 .576786-03 

1 .173706-02 
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OF PC*.". ; 


C2M3 
C«IM2 
C 2 h 

AH 


0 . 00000 
0 .00000 
0.00000 
8.772656-03 


HEAT LOS5(Q0OT/n00n : 
VOLUME 6026. CO CM--3 

MDQT/VOLUME : 0.27962 


J.1011E-02 CAL/G 
MASS FLO 
RESIDENCE TIME = 


0 .00000 
0.00000 
0 .00000 
1 .173706-02 


5.759366-07 
4. 125596-04 
5.712216-05 
7 . 562366-03 


16*5.00 GM/SEC 

2.5*21 MSEC ITERATIONS 


6 . Q5179E-07 
* • 17 1SQ6-Q4 
3.609956-05 
1 . 1 7370E-02 


H INITIAL conditions 


TIME 0.00000 SEC 


AREA 1.90000E 01 SQ CM 


AXIAL POSITION 2.00000E-01 CM 


FlOU PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
<GM/Cn««3> 
TEMPERATURE 
COEG K) 

MASS FLOW RATE 
IGM/SEC) 
ENTROPY 
CAL^CMyDEG KJ 
MACM NUMSE f 

Cat::ia 

ENTHALPY 

(CAL/CM) 


5.00000 
122830.23 
7 .220076-04 
2172.26 
1.6S500E 03 
2.3616 
1.3026 
1.2672 
3.601566 01 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


0 

0 . 00000 
0 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


rutu 




*» rain 


.".w*, rkca - *00006 00 SQ IN 


I5f = Wi.jntms/SKMH.UI.SEWI me = „„. t heie^/sec = „,. 5 i,. SK/l , 

esr« = WU.l FT/SEC TH.UST COEFF = «.,*,« A » EA „ AII0 , , 


HEAT ioss<900T/noon = S.W1E-H CAl/CG-CFI) 


CHEMICAL PROPERTIES 


5PECIES 

C3H* 
C2h S 
cm 
C2M6 

H 

O 

CM20 

CH2 

mCO 

CH6 

C3M7 

H2 

OH 

H20 

CM 

02 

CO 

C02 

MQ2 

NO 

N02 

N 

N2 

HCN 

CN 

HNCO 

MCO 

nh2 

NH 

C2M3 

C2H2 

C2H 

A R 


MASS FRACTION 

2. 51606E-07 
1 . 1 66*6 6 - 0* 
3.01 377 E-05 
6.424766-04 
1 . 703186-06 
6.360366-0S 
3. 102106-04 
1 . 79762E-OS 
7 . 769616-07 
1 .825616-05 
6 . 308906-09 
6.755106-03 
9.064936-06 
9- 775576-02 
6 . 72738E-07 
2.032046-06 
1 -167736-01 
7.977136-02 
3.031976-06 
1 .163S56-06 
6. SQ06CE-09 
1.675676-07 
4.892236-01 
7 .919536-06 
2 . 30281E-C8 
2 . 41CQ6E-C6 
4.833346-08 
8.134696-06 
8.651746-08 
* .051 796-0 7 
6. 1 73506-04 
3 . 60 9956-05 
1 .1 73706-02 


MOLE FRACTION 

1 .467446-07 
1 ■ C3U7E-08 
5 159406-05 
5.894616-06 
4 . 349176-03 
7 .014746-05 
2.459206-06 
3.298576-05 
6.873626-07 
2. 92865E-05 
2573916-09 
6 . 071 33E-C2 
l • 371926-03 
1 . 396776-01 
1 .330036-06 
1.634626-04 
1 .054646-01 

4 665396-02 
2- 364496-06 
9809376-05 
2.573916-09 
3 .079196-07 
6.332766-01 
7 . 542426-06 
2278136-08 
l .441776-06 
2 . 96 3906- 38 

1 . 30674F-Q5 

1.483106-07 

5 .759346-07 
4.125596-04 
3. 712216-05 
7.56234E-03 


NET SPECIES PRODUCTION 
RATE <nOLE/CM««3/SEC> 
-5. 320876-04 
-2. 189806-05 
1 .3/1676-03 
1.394786-03 
2.856936-03 
1 . 285 76 E-05 
2.497966-06 
-7. 244636-07 
-8.31 I63E-C5 
-2.381456-07 
-1 . 350266-0 3 
-1 . 770666-03 
-2. 937216-03 
3. 9328 16-03 
-l .653006-07 
-1 .656036-03 
8. 256566-04 
7 . 7C4246-04 
1 . 1 9266E-0 7 
3.642206-07 
6 .254066-07 
-6.757586-10 
-5.983716-07 
1 .4647 1 6-07 
-6 .25027E-08 
-2641276-08 
-1.09782C-07 
2.535156-07 
1 . 5Q430E-C9 
-4.69582E-05 
5.004816-05 
5.733086-07 
0 .00000 


REACTION 

NUMBER 

1 

2 

3 

4 

5 

6 
7 

B 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
33 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


RATE CONST 

CGS UNITS 

1 29266 

C 8 

2. 54 0 3 E 

09 

7.65046 

12 

1 20916 

13 

l . 8 3 9 7 E 

12 

l 87026 

10 

8 .00056 

12 

2.37376 

12 

7.47256 

12 

1 .00006 

13 

4.24376 

13 

6.63626 

10 

6 . 3 C 0 0 6 

13 

9.31156 

12 

1 . 7345E 

13 

2.46066 

14 

3. OOQCE 

13 

2.0000E 

13 

3.00006 

13 

9.95786 

12 

6.26366 

11 

8. 01546 

13 

3.61286 

07 

4.49:86 

12 

4 . 9 7 46 E 

12 

l . 15366 

13 

4.89076 

12 

1.39106 

15 

8.62516 

13 

3 . 32C 96 

14 

l. 73?16 

15 

120626 

11 

9.16626 

10 

1 .20626 

2 1 

6.91406 

12 

8.71346 

12 

7.35746 

15 

2.41226 

14 

i.2sc:e 

12 

3.83536 

06 

4 . C0006 

13 

i c:g;e 

09 

1 - 75766 

13 

5 . 18 7 1 E 

11 

2. 09i :e 

11 

1.20006 

1 3 

6.22716 

13 

1.24316 

13 

1 . 39S8E 

13 

2.53336 

13 

3.70006 

12 

2. 0C306 

17 

l . 00006 

13 

2 . C 0 0 0 6 

13 


HET REACTION CONV RATE 
(MOLE*C”«»3/Cr>»2/S£C ) 
1 . 02 366 £ 03 
1 844326 02 
4.893876 03 
7.546456 00 
2.082736-02 

2.59C246 03 

-7.696916-0’ 

2. 75660 C -01 
9. 916936-01 
3.231656 03 
3.453836 02 
8.447C4E-01 
3 . 714776 32 
1 .610526 92 
4.840516 30 
1.342546 C 3 
2 . 1 56 3SE 00 
8.917296 01 
4.219516 01 
1 . 9297 76 0 3 
1 81637C 03 
2.475866 01 
5.509736-01 
2.803046 03 
1.213446 03 
3.916336 03 
-5.090206 02 
3.632426 CO 
i . 736466-02 
3.015346 02 
1 950136 OJ 
-1.7C815E 02 
-1.995146 OC 
-5.370256 01 
2.356116 CO 
1 . 106086-03 
2.007466 00 
3.H27 76 00 
2 . 4 394 7 6-C 1 
-1 . 1 8 956 E 00 
2.444376 01 
2.337566 00 
-2.805416 00 
4 . 402 38E-02 
1176456 00 
2.889266-02 
9 . 574016-01 
*7 . 3121 1E-Q 1 
4.959106-01 
1 . 023296-01 
1 .880716 00 
6.275816-02 
1 . 377546-04 
3.814356 00 


NET QATE/P05J- 
TIVE 01 R RATE 
0 . 99999 
0.13078 
0 . 99880 
i -00000 
0 .99063 
0 . 99999 
C . 0C051 
0.03745 
0 . 00219 
1 . OOOCO 
1 . 09000 
1.00900 
1.00003 
0 . 99078 
0.99113 
0 . 99080 
0.98654 
0 . 9J807 
0.9=512 
0.18679 
0.01327 
0 . 9861 0 
0.53607 
0 . 56050 
0 .03794 
0.0C270 
0.03534 
0 .03991 
0 . 96642 
0.98536 
0.98540 
0.80699 
0 . 7 9937 
0 .C0646 
0.97336 
0.46594 
0.93712 
0.77596 
0.43257 
0.82224 
0.45836 
0 .99996 
0.07102 
0 . 10627 
0 . 36022 
0 . 99816 
0.32590 
0.02120 
0 . 00375 
0.71722 
0 .31664 
0.99989 
0 .99998 
0.98146 
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ss 

1 . 666 ?E 

13 

3 . 8 1 666 E 00 

0.86760 

56 

3. 7O0OE 

12 

3 . 66 56 9 E 02 

1 .00 0 0 0 

57 

1 -53S4E 

13 

5. 309166 02 

0.89372 

sa 

6 . 6 6 6 9 E 

13 

6.S5073E 02 

0.89401 

59 

2 . 526 0 E 

12 

1 . 10615E 03 

0 .60 172 

60 

2.2067E 

13 

9.6379/E 02 

0.99161 

61 

1 . 5219E 

11 

2 . 6 6 0 6 1 E 01 

0.80/26 

62 

361216 

10 

1 .02764E-01 

0.814^8 

63 

5.80 .5C 

12 

3.20282E 02 

0.80778 

66 

1 . 0 0 C 5 E 

16 

1.96932E 01 

1 . ococo 

65 

l .OCtlE 

13 

1 . 96 9 3 1 E 00 

0 . 99999 

66 

7 . 60 * 3 E 

12 

7.90629E 02 

1.01003 

67 

9.4609E 

09 

2.03787E 00 

0 . 99405 

68 

3.0CCCE 

13 

« 913J2F-QI 

0 .19484 

69 

6.8655c 

11 

1 .726606-06 

0 . 1 1939 

70 

6.80Q0E 

13 

3 . 2 0 95 1 E OO 

0 . 98727 

71 

2 . C090C 

13 

5 . 1 1 956E 01 

0 . 99647 

72 

1 . U556 

12 

6 . 36 5 0 5 E 01 

0.04310 

73 

4 . 768SE 

12 

2.65248E 01 

0 . 99997 

76 

1.9758E 

12 

1.8G966E 01 

1 .00030 

75 

4.0955E 

09 

6 .20655E-01 

1 .00000 

76 

3.39246 

02 

-1 . 363036-02 

0 . 93474 


TIME 3.3150SE-06 SEC AREA 2.90000E 01 S9 CM AXIAL POSITION 7.0000CE-Q1 Ctt 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(ATIl) 

2.06278 

STEPS fropi last print 

8 

VELOCITY 
(CM/ SEC) 

162392.26 

AVERAGE STEP SIZE 

0. 37500E-01 

DENSITY 

(Cr-/cn»*3i 
TEMPERATURE 
< DEC a) 

HASS FLOW RATE 

(cm/sec) 

5.S6S77E-06 
1797 .OS 
1.68662E 03 

TOTAL NUMBER OF STEPS 

97 

ENTROPY 
CAL/GH/OEO XI 

2.3617 

FUNCT EVALUATIONS 

192 

HACH NUMBER 

Gamma 

ENTHALPY 

(CAL/CH) 

1.8928 
l .2739 
- 1 . 00769E 02 

JACOBIAN EVALUATIONS 

22 


CHAMBER PRESS = 500.0 PSU THROAT AREA s 2.20000E 00 SO IN 

ISP = 16 28 . 9 flCTCRS/SEC = 166.1 LB-SEC/lB IVAC = 1985.3 METERS/SEC = 202.4 LB-S1C/LB 

CSTAR = S718.2 FT/SEC THRUST COEFF = 0.9346 AREA RATIO = 2.043 

MEAT LOSS(QDOT/rOOn = 2.78S6E-02 CAL/<G-CM> 


CHEniCAL PROPERTIES 


SPECIES 

MASS FRACTION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

reaction 

RATE CONST 

NET REACTION COMV RATE 

NET RATE/POSI- 




RATE ( MOL E/CM • • 3/SEC ) 

NUMBER 

CCS UNITS 

<mole*c;i«-3/gm-«2/sec> 

TIVE DIR RATE 

C3M8 

9.23107E-12 

5 . 388? 1 E 12 

7 . 1 797 1 E-U 

1 

2 1282E 06 

-5.649776*04 

3.31139 

C2m5 

6 .23066E-09 

5.51818E-09 

4 .57334E-08 

2 

3.54/46 08 

-5.02873E-01 

0.00235 

CM3 

l . 91286C-0S 

3.2/676E-05 

-2. 93032E-OS 

3 

6. 1 6 4 0 E 12 

4.32735E-01 

0 . 99507 

C?M4 

l 18536 E-06 

1 . 08 7 57E-O6 

2 . 7666QE-Q6 

6 

1.0611E 13 

3 . 36778E-0 1 

1 . C 3 300 

M 

1 9169/E-06 

4 .a/QCCl-93 

l 452516-03 

5 

1.1179E 12 

2. 97636E-C? 

0.99973 

0 

2. 986 17C-05 

4. 80 4106-95 

-6.93341E-05 

6 

3. 7 72CE 09 

1.92405E-07 

0 . C031 3 

CM20 

3 353?iE-Q6 

2 87238C-C6 

1 . 77C21C-06 

7 

4.4992E 12 

1.41025E 02 

0 .2C639 

CM2 

1 . 9S7 19E-05 

3 . 5918IE-05 

9.25916E-Q6 

a 

1 . 52 1 1 E 12 

5. 386 7 8 E - 0 1 

0.23736 

MCO 

7 .840336-07 

6 . 95437E-07 

2. 349406-07 

9 

5.5902E 12 

2.69676C 01 

0.20511 

CH4 

1 23243F-05 

2.05754E-05 

-2. 14232E -0 5 

10 

1.0030E 13 

9 . 2 5268 c- 0 1 

l . 00000 

c sh; 

5 35S30E-15 

3.46S58E-15 

l . 33798E-I4 

u 

1.5483C 13 

1 . 7 4 6 0 9 E 02 

l . 00000 

H2 

6 . 746676-03 

6 . 06042E-02 

1 . 72738E-04 

12 

3.3715E 10 

1 . 51264 E- 0 1 

l . 30300 

OH 

5. 00395E-04 

7.57332E-04 

-1.655866-03 

13 

6.3900E 13 

1.61472E 02 

1 .00009 

H20 

9 791326-02 

1 . 39 >056-01 

4 .661 TIE-05 

14 

7.93776 12 

1 .676756 02 

0 .99636 

Cm 

5. 615956*07 

6. 76363007 

-l .364956-06 

15 

1.3905E 13 

2886 1 1 E 00 

0 . 9965J 

12 

1 12835E-06 

9 . 07684E-05 

-l .09327E-04 

16 

1 .31216 14 

4 . 2924 0 £ 02 

0 . 99635 

CO 

1 163456-01 

» . Q5C92C.-0 l 

- v .519626-03 

17 

3.00306 13 

1 . 512646 00 

0 . 99987 

CJ2 

8 . 05666E-32 

4. 71I87E-02 

1 .691126-03 

13 

2.0000E 13 

1 . 02647 E 02 

0 .99987 

MQ2 

5 . 36366E-C6 

4. 16734C06 

7 3 1 9 l 6 E -06 

19 

3 . 000 0 E 13 

2 . 384 55 E 01 

0.9998“ 

MO 

1 . 164C2E-06 

9.8* 366C-QS 

3. 464746- Q8 

20 

4.G9C6E 12 

6.64333E 02 

0 . 12950 

M02 

6.3S739C-Q9 

2. 706436-09 

6.32073C-10 

21 

4.2573E 11 

1.34636L 04 

0.26335 

N 

l .491806-0/ 

2.7413/E-07 

-l .586/4E-C7 

22 

9.9838E 13 

1.05386E 01 

0 . 9 0 989 

M2 

6 . 89225E-01 

6. 332G3L-01 

9 . 5884 9 1- 08 

23 

6.6469E 06 

5. 76456E-02 

0 . 6C254 

HCN 

7 9186 ’.£*06 

7 . 54171E-06 

-5 . 9/4 1 1 C - 38 

24 

1.99/5E 12 

6 . 1 53 38 E 02 

0 . 46C 18 

CM 

1 . 1 366 1C-08 

l . 12425E-08 

-2.93305E-08 

23 

2 . 6 7 53 £ 12 

4.58845c 02 

0 .339:2 

mmCO 

1 .502866-06 

8 99v2lE-07 

-1 .619256-06 

26 

8.42366 12 

-9.43521E 02 

0 . CC 161 

MCO 

2. 125956*08 

1 . 302336-08 

-4.071 76E-08 

27 

4.63S9E 12 

.69C2/E 02 

0 .04057 

Ht«2 

8 48666E-06 

1 . 36299E-35 

1 .69099E-06 

23 

1 . 934 8 E 15 

6 . 1 1S0SE 01 

0 .51454 

MM 

3 609C2C-03 

I .475946-07 

-9.723466-09 

29 

9.4045E 13 

4 .557 146-0 5 

0.99973 

C 2m 3 

1.040316-06 

9. 901316-07 

3.95>42C-06 

10 

4.6187E 14 

2 . J0906E 02 

0 . 99985 

(.?»•? 

3. 91 1Q6E-94 

5 . 8662 4 £-04 

-6. 34/59L-05 

31 

2.6011E 15 

3 . 8 7 6 54 E 02 

3 . 99985 

C 2 M 

1 65824E-05 

3 . 3 5627 f. - 05 

-7 49661E-06 

32 

3.0647E 10 

-6.39275E 01 

0 .89616 

AM 

1 . 173706*0? 

/ . 362486-03 

0 . 00000 

33 

2 . 324 5 E 10 

-4 . 3560 1 E-01 

0.89194 





34 

3.0647E 10 

-9.91838E 00 

0.89433 





35 

6.1622E 12 

3. 7 7 6 9 0 E 00 

0 . 99293 





36 

8.4629E 1? 

1 . 591 32E-03 

0 . 9 5 315 





37 

7 . 7 7 7 0 E 15 

7.6:7776-01 

0.99364 





38 

2.3212E 14 

4 .5321 26 00 

0.97741 





19 

1 .99826 12 

7 .446296-02 

0 . 99487 





40 

9.5151E 04 

- 1 .22 75JE 00 

0 . 99642 





41 

4.0000E 13 

1 .241 55E 01 

0 . 99049 





42 

7 . 5 348 E 08 

4 . 7 346 0C-01 

0 . 99991 





43 

1 . 3601E 13 

-1.092956 00 

0 . 0724 7 





44 

Z.Q133E 11 

l . 1 964 5 E - 0 2 

0 . 1 036 7 





4 S • 

1.8261E 11 

8 . 38775E-01 

0 . 53279 





46 

1.20C0E 13 

9. 78145E-03 

0 . 99983 





47 

4.6585E 13 

3.05653E-01 

0 .51055 


H6 


i 

V«M \ l V 


OF FO^?i 


; • 1 ’/ 


TIME 1. 052946-05 SEC 


AREA S.SOOOOE 01 


FLOW PROPERTIES 

PRESSURE 

(AIM) 

VELOCITY 
(CM/ SEC) 
DENSITY 
(CM/CM»»5) 
TEMPERATURE 
(CEG K) 

MASS FLOW RATE 
(CM/SEC) 
ENTROPY 
CAL/GM/DEC K ) 
MACH NUMBER 

GAMT1A 

ENTHALPY 

(CAL/GM) 


0.72397 
105173.55 
1.58621E-04 
1431.73 
1.685Z8E 03 
2.3418 
Z.5010 
1.2801 
-2 . 2047QE 02 


48 

8.0437E 12 

-2.7V288E-01 

0.02832 

40 

0.2526E 12 

1 . 329956 01 

0.21660 

50 

2.4184E 13 

2.74081 E-02 

0.73579 

SI 

3.7000E 12 

9. 027S0E-01 

0.33557 

52 

2.0000E 15 

1 .88872E-0 2 

1 .00000 

53 

1.0000E 13 

5. 388S3E-05 

1 .00000 

54 

2.0000E 13 

1.90640E 00 

0.99161 

55 

1.2106E 13 

1 . 08287 E 00 

0.97079 

56 

3.7000E 12 

1 . 77716E 02 

1.00300 

57 

1.0178E 13 

7.72407E 00 

0.09454 

58 

3.7527E 13 

4.3423SE 00 

0.09308 

50 

3.5618E 11 

-1.00427E 01 

0.03454 

60 

1.8451E 13 

5.17264E 02 

0.99998 

61 

3.7804E 10 

0.36328E 00 

0.93203 

62 

0.3414E 00 

2 . 274046-02 

0.93468 

63 

3.0406E 12 

1.51122E 02 

0.93192 

64 

1.0000E 14 

1.CQ037E 01 

1.00000 

65 

1.09B0E 13 

1 .00037E 00 

l. 00000 

66 

7 . 4000 E 12 

2.77000E 02 

1.00000 

67 

3.8202E 00 

1.45040E 00 

0.99984 

68 

3.0000E 13 

1.65041E 00 

0.57740 

60 

3.8462E 11 

1.492846-04 

0.51339 

70 

4.8000E 13 

1.95473E 00 

0.99985 

71 

2.0000E 13 

3.55052E 01‘ 

0 . 99994 

72 

8.4407E 11 

-3.64907E 01 

0 .CG946 

73 

5.79436 12 

1.49431E 01 

1.00000 

74 

1.4083E 12 

6.86144E 00 

1.00000 

75 

1.5733E 00 

8.33359E-02 

1 .00000 

76 

1.3670E 00 

-5.849536-03 

0.99986 

77 

3.0545E 11 

-4. 597936-01 

0.05096 

78 

0.2282E 13 

-1.81223E 00 

0.00235 

SQ CM 


AXIAL POSITION 2.000C0E 00 

CM 


INTEGRATION 

INDICATORS 



STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 


TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


41 

0.31707E-01 

138 


272 

33 


CHAMBER PRESS = 300.0 PSIA 


THROAT AREA = 2.20000E 00 SO IN 


ISP = 1031.7 METERS/SEC = 107.0 LB-SEC/LI IVAC * 2171.1 METERS/SEC = 221.4 LB-SEC/LB 

CSTAR = 5715.3 FT/SEC THRUST COEFF s 1.1080 AREA RATIO = 3.875 


HEAT LOSS ( QDOT/MDQT ) s 


1 . 7 034E-02 CAL/CG-CM) 


CHEMICAL PROPERTIES 


SPECIES 

MASS FRACTION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 




RATE (MOL E/CM« » 3/SEC > 

NUMBER 

CGS UNITS 

(MOLE-Cn*-3/GM»»i2/SEC) 

TIVE DIR RATE 

C 3H8 

4.76334E-10 

2.780446-10 

5. 29215E-10 

1 

4.9365E 03 

-2. 10392E-02 

0.98427 

C2H5 

1 .22009E-07 

1.080636-07 

2. 19289E-07 

2 

1 . 936 IE 07 

-1.25150E 01 

0.02384 

C H 3 

1. 51057 E-05 

2.586126-05 

-2 . 6 1 7 91 E-06 

3 

4.31226 12 

4.97 305E-01 

0 .99690 

C2H4 

3.25916E-06 

2.990356-06 

1.59259E-06 

4 

6.7490E 12 

1.01211E 00 

1 . 00000 

H 

2 . 08429E-04 

5.322576-03 

1.964316-04 

5 

5.3550E 11 

5 . 8 1 1 58E-06 

C . 99999 

0 

1 . 59U7E-05 

2.563126-05 

-1.125426-05 

6 

3.5434E 06 

4 . 968 53E-04 

0.00371 

CH20 

3.99085E-06 

3.421206-06 

1.29634E-07 

7 

l . 922 5 6 12 

5.56459E 01 

0 . 22778 

CH2 

2.06991E-05 

3.798386-05 

4.13792E-07 

8 

7 . 8626 E 11 

1 .62554E-01 

0.33699 

MCQ 

9.83427E-07 

8.723226-07 

1.93690E-07 

9 

3.64116 12 

6.05465E 00 

0.24120 

CH4 

9.85904E-06 

1.581636-05 

-l .556576-06 

10 

1.00006 13 

1 .850 94 E-0 1 

1.00000 

C3H7 

2.5831 3E- 14 

1 .543096-14 

2.121 15E- 14 

11 

2.72406 13 

1.0381SE 02 

1 .00000 

M2 

4.74563E-03 

6.059466-02 

-5.55342E-05 

12 

1.23996 10 

3 . 2 1 729E-02 

1 . 00000 

OH 

l . 90850E-04 

2.688526-04 

-2.07508E-04 

13 

6.6000E 13 

6 .803096 01 

1.00000 

H20 

9.79513E-02 

1 . 39962E-0 1 

6 . 79214E- 05 

14 

6.27346 12 

1.72122E 02 

0.99877 

CM 

9.33037E-08 

1 .6447 3E-07 

-1 .818196-07 

15 

1.00326 13 

1 . 32629E 00 

0 . 99894 

02 

8.263806*05 

6.647856-05 

-8.45129E-06 

U 

5.18266 13 

7 . 7207 1 E 01 

0.99879 

CO 

1 . 1 392*6-01 

1.046916-01 

- 1 . 39525E-04 

17 

3.00006 13 

1.01239E 00 

1.00000 

C02 

8 . 13196E-02 

4. 756146-02 

1 . 52567 £- 04 

16 

2.0000E 13 

1.4Q154E 02 

1 00090 

H02 

8 . 25691 E-06 

6.43945E-16 

l . 00055E-06 

19 

3.0000E 13 

1.14091E 01 

1.00000 

HO 

1 . 14403E-04 

9.613856-05 

-3.23465E-09 

20 

1.71066 12 

1 .4 36 726 02 

0.06378 

N02 

5 .227046-09 

2.92450E-09 

5 . 4 1 064 E- 12 

21 

2.40376 11 

6.10956E 03 

0.55689 

N 

1 . 1 7306E-07 

2. 15569E-07 

-3.32409E-08 

22 

1.361C6 14 

3.446586 00 

1.00000 

N2 

6.89223E-01 

6 . 33302E-01 

2 . 18SB2E-08 

23 

5.45146 05 

4 . 6390QC-Q3 

0.81011 

MCN 

7. 89936 E-06 

7 .52352E-06 

-6.579416-09 

24 

6.01826 11 

1.836706 02 

0.57144 

CM 

3.49414E-09 

3.45683E-09 

- 3 . 08808 E- 0 9 

25 

1.12876 12 

3.741891: 02 

0.14143 

HNCO 

7. 76264E-07 

4. 644076-07 

-1 . 83123E-0 7 

26 

5.29416 12 

2.431741: 03 

0.01739 

NCO 

5 . 71315E-09 

3. 499956-09 

-3.28465E-09 

27 

4 . 29346 12 

-7 .805791: 01 

0.12624 

MM2 

8.767 006*06 

1 .408376-05 

1.89576E-07 

28 

2.1318E 15 

4 . 2816 j f: 01 

0.94532 

mm 

8 . 46345E-05 

1 .450386-07 

-7.676356-10 

29 

1.06866 14 

6.5294511-04 

1 .00000 

C 2M 3 

3. 95191 E-06 

3. 761106-06 

2. 33321E-06 

10 

5.79726 14 

1.52753H 02 

1 .00000 

C2H2 

3. 74235E-04 

3.69953E-04 

-7.616G4E-0* 

31 

4.09796 15 

2 . 584926 02 

1.00000 

C’M 

3.22256E-Q5 

3 . 31 399E-05 

-1 . 14222E-06 

32 

4 . 195 IE 09 

-1.348356 01 

0.93929 

AR 

l .173706-02 

7. 562656-03 

0.00000 

33 

3.1744E 09 

-4 . 1 7 37 5E-02 

0.92929 





34 . 

4.1951E 09 

-7. 181946-01 

0.93821 





35 

5.1985E 12 

4.95163E 00 

0 . 99362 





36 

8 . 1 100E 12 

9 . 1S836E-Q4 

0.99815 





37 

8.4490E 15 

1 . 97636E-01 

0.99982 


87 


38 

2. 1930E 

14 

39 

1.0184E 

12 

40 

4.1294E 

02 

41 

4.0000E 

13 

42 

1.8871E 

06 

43 

9.3134E 

12 

4* 

5.1544E 

10 

45 

1.4950E 

11 

44 

1.2000E 

13 

47 

3.0343E 

13 

48 

4.2263E 

12 

49 

S.0407E 

12 

50 

2 .25176 

13 

51 

3.7000E 

12 

52 

2.0000E 

13 

S3 

l.OOOOE 

13 

54 

2.0000E 

13 

55 

9.34716 

12 

54 

3.7000E 

12 

57 

5.5446E 

12 

56 

2.9224E 

13 

59 

1.97196 

10 

40 

1.4145E 

13 

41 

5.0424E 

09 

42 

1.3009E 

09 

43 

2.2942E 

12 

44 

l.OOOOE 

14 

45 

l.OOOJE 

13 

44 

7.4000E 

12 

47 

1.0065E 

09 

48 

3.00006 

13 

49 

2.7178E 

11 

70 

4 .80006 

13 

71 

2.0000E 

13 

72 

S.1241E 

11 

73 

4.6269E 

12 

74 

8.5402E 

11 

75 

2.1278E 

06 

74 

3 . 9442E-04 

77 

1.0390E 

11 

78 

9.5128E 

12 


5.148146 00 
2 , 20204E-02 
-9.02391E-01 
3.75500E 00 
3.32426E-02 
-2 . 188456-01 
3.0141 7E-03 
3 . 44 124E-0 l 
1 .40474E-03 
3 . 21746E-02 
-8.94285E-02 
7.33443E 00 
4.81 784E-03 
1.040146-01 
2 . 70794E-03 
1 . 13874E-05 
5.40444E-01 
5. 90974E-01 
4.39947E 01 
-3.477646 01 
-9.11205E 00 
-1.36423E 02 
2.02722E 02 
1.31883E 00 
1.89034E-03 
3.75419E 01 
2.73244E 00 
2 . 7 3244E-01 
8.34323E 01 
S.92745E-01 
2.49135E 00 
2.78178E-03 
4.14494E 01 
2 . 94320 E 01 
-3.42414E 01 
5.93181E 00 
2.83973E 00 
7 .898246-03 
-1.99755E-03 
-3 .820326-01 
-3.769386 01 


0.99921 
0.99952 
0.99999 
0.99887 
0.99945 
0.06919 
0.20063 
0.70565 
1 .00000 
0.70341 
0.06211 
0.40065 
0.87299 
0.33112 
1 .00000 
1.00C00 
0.99446 
0.99742 
1 .00000 
0.20704 
0.19301 
0.54965 
1 .00000 
0.98706 
0.98891 
0.98730 
1 . 00000 
1.00000 
1 .00000 
1 .00000 
0.94680 
0.94398 
1.00000 
1 .00000 
0.30484 
1.00000 
1.00000 
1.00000 
1 . 00000 
0.20441 
0.02364 


TtH6 2.045576-05 SEC 


AREA 9.500006 01 SQ CM 


AXIAL POSITION 4.000006 00 CPI 


FLOW PROPERTIES 


PRESSURE 
< ATM ) 

VELOCITY 
C CM/ SEC) 
DENSITY 
(C.*1/CP!*»»3) 
TEMPERATURE 
<0EQ K) 

MASS FLOW RATE 
(GM/SEC) 
ENTROPY 
CAL /CM/DEC K ) 
MACH NUMBER 


0.31984 
210275.23 
8.43822E-05 
1169.02 
1.66543E 03 
2.3418 
2.9737 


GAMMA 


1.3019 


£ ?K, « 


INTEGRATION INDICATORS 

STEPS FROM LAST PRINT 9 

AVERAGE STEP SIZE 0.111UE 00 

TOTAL NUMBER OF STEPS 152 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


CHAMBER PRESS - 300.0 PSIA THROAT AREA = 2.20000E 00 SQ IN 

I5P s 21*2.8 METERS/SEC = 214.4 LB-SEC/LB IVAC = 2285.4 METERS/SEC = 233.0 LB-SEC/LB 

CSTAR = 5714.1 FT/SEC THRUST COEFF = 1.2073 AREA RATIO = 6 

HEAT LOSS ( QDOT/MDOT ) - 9.8304E-03 CAL/(G-CM) 


CHEMICAL PROPERTIES 


SPECIES 

C3M8 

C2H5 

CH3 

C2H4 

H 

0 

CH20 

CM2 

HCO 

CH4 

C3H7 

H2 

OH 

H20 

CM 

02 

CO 

C02 

H02 

MO 

M02 

N 

N2 

HCN 

CN 

HNCO 

NCO 


MASS FRACTION 

4.04U2E-09 
1.27746E-04 
1 . 37130 E-OS 
4.78581E-06 
2. 14753E-04 
9. 34999E-06 
3 . 84753E-06 
2.06408E-05 
1. J6835E-06 
9 . 1 2308E-Q6 
9 . 43936 E- 14 
4.73994E-03 

7 . 14 320E-0 5 
9 . 80 1 19E-02 
2 . 46 9 36 E- 06 
7. 39971E-05 
1. 13824E-01 
6. 150UE-02 
9 . 38 542E-04 

1 . 14 396E-04 
S . 026466-09 
9 . 67 368E-06 
6 . 69223E-0 1 
7.69461E-04 
l . 0 1242E- 0 9 
S . 04231 E-07 
1.41 755E-09 


MOLE FRACTION 

2.35891E-09 
1. 13144E-04 
2.34773E-05 
4.39117 E-04 
5.48417E-03 
l . 507496-05 
3.315556-04 
3 . 78921E-05 
1.21 376E-0S 
1.44378E-05 
5,638916-14 
4 . 052346-02 
1 . 061 15L-04 
1.400516-^1 
4 . 88232E-0 j 
5 . 95284E-05 
1 .04598E-01 
4 . 76*85 E-Q? 
7.31 94*6-04 
9. 813426-05 
2.81 344 E- 09 
1 .81448E-07 
4. 333146-01 
7 .519336-04 
1.00142E-09 
3.0U47E-07 
9 . 90948E- 10 


NET SPECIES PRODUCTION 
RATE (MOL 6/ CM* * 3/5 EC ) 
1 . 1 902SE-Q9 
5. 96404E-07 
-4 . 42625E-37 
4.12543E-08 
2. 13772E-05 
-1 .93177E-06 
-7.949756-08 
-1.38327E-07 
1.27527E-07 
-1 . 652’6E-07 
1.43745E-14 
-1.526846-05 
“3 . Q4452E-05 
2.01 492E-05 
- 1 .803016-06 
-1 . 13747E-06 
-1 .07034C-05 
1 . 24370E-05 
l .578896-07 
-2. 12823E-09 
-5. 15331 E- 11 
-7.099346-09 
4.99755E-09 
-4 , 352106-10 
-3. 61214 E- 10 
-2 -876276-06 
-3 . 577796-10 


REACTION 

NUMBER 

1 

2 

3 

4 

5 
4 

7 

8 
9 

10 

11 

12 

13 

14 

15 
14 

17 

18 

19 

20 
21 
22 

23 

24 

25 
24 
27 


RATE CONST 
CG5 UNITS 
1.1146E 01 
1.0441E 04 
3-0123E 12 
7.20326 12 
2-S575E 11 
3 . 2944E 07 
6.1S59E 11 
4.0738E 11 
2.3474E 12 
1.0000E 13 
2.0389E 13 
4.5410E 09 
4 80006 13 
4 . 9484 E 12 
7 . 2272E 12 
2.0393E 13 
3.0000E 13 
2.0000E 13 
3.0000E 13 
5.95886 11 
1.35396 11 
1.9127E 14 
4.4251E 04 
1.8043E 11 
4.9497E 11 
3.3209E 12 
3.9643E 12 


NET REACTION CONV RATE 
(MOLE«CH**3/GMi» ■2/SEC) 
-1.47187E-01 
-1.31721E 02 
3 . 00 369E-0 1 
7.201556-01 
2. 1 3745E-05 
1 . 90748E-05 
2.15416E 01 
4 . 7 0 930E- 02 
1 . 6 0 3426 00 
4 . 38445E-Q2 
7.1U30E 01 
9 . 57816E-03 
3.43223E 01 
1.35715E 02 
5.44946E-01 
1 . 1 0244 E 01 
6 . 2647 OE-Q 1 
?.Q09?*E 02 
3.94145E 00 
-4.54051E 01 
1.75825E 03 
1 .492146 00 
3.83499E-04 
5 . 997B9E 01 
2.41458E 02 
2 . 7802 IE 03 
-2.92052E 01 


NET RATE/POSI - 
TIVE DIR RATE 
0.99993 
0 . 1 9 9 7 
0.99812 
1 .00000 
1.00000 
0.02229 
0.21720 
0.49452 
0.28354 
1.00000 
1.00000 
1.00000 
1 . 00000 
0.99939 
0.99940 
0.99944 
1.00000 
1 . Oflooo 
1.00000 
0.05449 
0.74087 
1.00000 
0.92221 
0.47448 
0.35424 
0.08477 
0.29445 


88 


of peer? 


NH2 

8.871066-06 

1.625126-05 

2.927626-08 

NH 

8 . 4 32126-08 

1. 665566-07 

-7.531986-11 

C2H3 

6 .621106-06 

6.111196-06 

3.803576-07 

C2H2 

3.669096-06 

3.627186-06 

-1 . 360276-06 

C2N 

3.125986-05 

3.216736-05 

-1.633306-07 

AR 

1.173706-02 

7.562796-03 

0 . 00000 


28 

21 

30 

n 

32 

33 
3* 
33 

36 

37 
3f 
39 
60 
61 
62 
63 
66 

65 

66 

67 

68 
if 
30 

51 

52 

53 
56 

55 

56 

57 

58 
5t 
60 
61 
62 
63 
66 

65 

66 

67 

68 
6 f 

70 

71 

72 

73 
76 
73 

76 

77 

78 


2.2f03E 13 
1.21686 16 
6 . 98066 16 
3.1616E 15 
3 . 85f f E 08 
6.6262E 08 
5.8599E 08 
6 . 3825E 12 
7.77036 12 
9.18236 13 
2.07166 16 
5.60226 11 
1.73776 00 

6.00006 13 
6.82796 07 
6.36766 12 
1.35186 10 
1.22296 11 
1.20006 13 
1.97296 13 
2.21686 12 
2.73936 12 
2.09586 13 
3.70006 12 

2.00006 13 

1.00006 13 
2.0000E 13 
7.39326 12 
3.70006 12 
3.01326 12 
2.27366 13 
1.07886 09 
1.08626 13 

6.83556 08 

1.83556 08 
1.36066 12 

1.00006 16 

1.00006 13 
7.60006 12 
2.63116 08 

3.00006 13 
1.91776 11 
6.80006 13 

2.00006 13 
3.10106 11 
3.69096 12 
5.16836 11 
2.85606 07 
1.11176-07 
3.63026 10 
9.71696 11 


2.382006 01 

0.99682 

1.365926-06 

1.00000 

1.038766 02 

1.00000 

7.092856 01 

1.00000 

-2.762906 00 

0.96016 

-3.593726-03 

0.93827 

-6.929926-02 

0.95665 

6.769616 00 

0.99968 

6.973686-06 

0.99990 

6.720806-02 

1.00000 

6.823566 00 

0.99997 

8.806366-03 

0.51916 

-7.061166-01 

1.00000 

1.186166 00 

0.99988 

2.269636-03 

0.99850 

- 1 . 72 3 78E-02 

0.02876 

8.622036-06 

0.37282 

1 . 1 7 583E-0 1 

0.78365 

2.736656-06 

1.00000 

2.638826-03 

0.81860 

-6.566896-02 

0.18673 

6.111626 00 

0.60116 

1.776566-03 

0.96012 

6.61631E-02 

0.26058 

6.509 186-06 

1.00000 

2.713736-06 

1.00000 

1.638126-01 

0.99660 

1.763906-01 

0.11976 

1.299666 01 

1.00000 

-5.996686 01 

0.35376 

-6.779526 00 

0.29388 

-1.201656 02 

0.12352 

8.966036 01 

1.00000 

2.166316-01 

0.99730 

1.579666-06 

0.99826 

8.391536 00 

0.91753 

7.231 18E-0 1 

1.00000 

7.231186-02 

1.00000 

2.836836 01 

1.00000 

1.751206-01 

l. 00000 

3.260686 00 

0.99663 

1.161776-02 

0.99605 

6.695276 02 

1.00000 

2.685286 01 

1 . 00000 

-1.86259E 01 

0.50368 

2.69958E 00 

1 .00000 

1.692736 00 

1.00000 

9.300676-06 

1.00000 

-8.376236-06 

1.00000 

-1.113366-01 

0.29655 

-6.017816 02 

0.11617 


DISTANCE-AREA VERSION 


GENERAL CHEMICAL KINETICS PROGRAM 


NASA LEUIS RESEARCH CENTER 


GCKP86 


HIGH TEMPERATURE AIR IONIZATION 


CASE 10 


REACTION 

NUMBER 

1 

2 
3 

6 

5 

6 

7 

8 
9 

10 

11 

12 


MCN20 

MIQ2 


REACTION 


REACTION RATE VARIABLES 
A N 


l.0*N 
1 . 0*0 
l . 0"N 
1 . 0*0 

1 .0*NO 
H 

1 . 0*0 

1.QMN04 

1.0*04 

1 . 0*02 

1 . 0*02 


3) = 
10 ) * 


2.23000 

6.50000 


♦ 1.0*02 

= 1 . 0 *N0 

4 

1.0*0 


6.600006 

09 

1.0000 

♦ 1.0«N2 

= 1 . Q*NO 

4 

1 . 0*N 


1.80000E 

16 

0.0000 

♦ 1.0*0 

* 1.0*NO 

♦ 

M 


6.600006 

16 


♦ 1.0*0 

* 1.0*02 

♦ 

M 


5.700006 

13 

oloooo 

2 . 0"N 

* l . 0*H2 

♦ 

M 


2.800006 

17 


4 1.0*0 

= 1.0MNO2 

4 

M 


5.620006 

15 

q.ooqo 

♦ 1.0-H20 

= l . 0 *N2 

♦ 

1.0*0 


1.62000E 

16 

0.0000 

4 1.0MN20 

= 1.0HN2 

4 

1.0*02 


6.230006 

13 

0.0000 

♦ 1.0*6 

= 1 . 0*N 

4 

1.0*0 


1.650006 

21 


♦ 1.0*6 

= 1.0*0 

4 

M 


2.000006 

26 

-2.5000 

♦ 1.0*6 

= 1.0*02- 

4 

n 


1.52000E 

21 

-1.0000 

♦ 1.0*0- 

= 1.0*02- 

4 

1.0*0 


6.000006 

12 

oloooo 

ALL 

THIRD BODY RATIOS 

ARE 

1.0 EXCEPT 

THE FOLLOWING 



t H(N2 

. 6) = 1.55000 


M(N2 

• 11) * 

0.00002 

MIN 

, 10) 

1 M(NO 

. 10) = 50.00000 


M(0 

* 10) = 

0.03000 




ACTIVATION 

ENERGY 

6250.00 

76250.00 

0.00 

-1788.00 

0.00 

•1160.00 

51280.00 

26320.00 
0.00 
0.00 

1190.00 

0.00 


INITIAL STEP SIZE 0 . 30Q00E-08 CM 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR 0.10000E-06 


ASSIGNED VARIABLE PROFILE ** 

THE AREA IS CALCULATED FROM THE FOLLOWING POLYNOMIAL 
AREA <CM**2) = ( 0 . OQOOO )X**3 ♦ C 0.00000)X**2 ♦ ( 0.00000)X ♦ ( 1.000006 03) 


89 



>■ INITIAL CONDITIONS >■ 




ORiGlf'A*. 

OF POO.*: 


0.00000 SEC 


1.0Q000E 05 SO CM 


AXIAL POSITION 


0.00000 CPI 


FLOW PROPERTIES 

PPESSURE 

(ATM) 

VELOCITY 
( CM/SEC ) 
DENSITY 
CGM/Cn»«S> 
TEMPERATURE 
(DEG K) 

MASS FLOW RATE 
CGM/SEC) 
ENTROPY 
CAL/GM/DEG K ) 
MACH HUMBER 


1.22557E-04 


5.76044E 05 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


ENTHALPY 

(CAL/GM) 


1 . 55461 E 05 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

(MOLF.5/CM**3> 

MOLE FRACTION 

NET SPECIES PRODUCTION 
RATE t MOL E/CM** 3/S EC ) 

REACTI 

NUMBE 

N 

0 .00000 

0.00000 

1.S7091E-05 

1 

02 

8.90048E-07 

2 . 0950QE- 0 1 

-2.25142E-02 

2 

NO 

0.00000 

0 .00090 

0.00000 

3 

0 

0 .00000 

C.OOQOO 

4.2639 5E-02 

4 

H 2 

3 . 358 39E-06 

7.90500E-01 

-2. 39786E-03 

5 

N02 

0 .00000 

0 . 00000 

0 .00000 

6 

N20 

0.00000 

0.00000 

2 . 39000E-05 

7 

NO* 

0.00000 

0 . 00000 

0 .00000 

8 

E 

0.00000 

0 . 00000 

4. 38514E-07 

9 

0* 

0.00000 

0.00000 

0 .00000 

1 0 

02- 

4.248446-15 

9 . 99999E- 1 0 

-4. 3S514E-07 

11 

0- 

0.00000 

0.00300 

0.00000 

12 

MIXTURE 

MOLECULAR WEIGHT 

28.84763 

TOTAL ENERGY EXCHANGE 

RATE 


(CAt-CM»«5/GM»«2/SEC) 


1 RATE CONST 
CCS UNITS 
1.6063E 13 
6.2795E 10 
9.2184E 14 
6.8698E 15 
4 . 84 0 3E 1 A 
6.3436E IS 
6.7164E 11 
A. BUIE 12 
A.5551E IS 
l.ZAOQE 17 
2 . 70S 1 E 17 
6.0000E 12 

1.72299E 11 


NET REACTION CONV RATE 
(MOL E- CM* * 3/GM*» 2/SEC) 
O.QCOQO 
0 . 00000 
0.00000 
-1.33983E 06 
“5 . 22921 E 02 
0.00000 
0.00000 
-1.5911SE OS 
0.00000 
0.00000 
-2.91947E 01 
0.00000 


NET RATE/POSI- 
TIVE DIR RATE 
0.00000 
0.00000 
0.00000 
1.00000 
1 .00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
1.00000 
0.00000 


MASS FRACTION SUM 0.9999999A 


2.1A04AE-06 SEC 


1 . OOOOOE 05 SQ CM 


AXIAL POSITION 1.00000E-01 CPI 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
( GIVCM* * 5 ) 
TEMPERATURE 
(DEG K ) 

MASS FLOW RATE 
(GM/SCC) 
ENTROPY 
CAL/GM/OEG K) 
MACH NUMBER 


1 .25A92E-0A 


S.76044E 05 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.15335E-01 


ENTHALPY 

(CAL/GM) 


1.3SS&5E 03 


CHEMICAL PROPERTIES 



CONCENTRATION 
(MOLES/CM** 3 ) 
9.68342E-10 
8 . 5507QE-0 7 
3.13757E-05 
8.05914E-08 
S.42202E-06 
1 .04184E-13 
6. 11579E-10 
5.688UE-14 
4.11175E-U 
3.51861E-19 
8.98571E-17 
2.42233E-17 


AA 

-0.20684E 00 


VARIABLE DERIVATIVES 
V *0.108946 05 

H 0.5Q510C-04 

02 -0.48526E-02 

HO 0.43314E-02 

0 0.55902E-02 

H 2 -O^D^E-OZ 

NQ2 0.91569E-Q8 


MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 


PATE ( MOl E/CM»» 3/SEC ) 

NUMBER 

CCS UNITS 

2 . 1 0547E-04 

2.90961E-04 

1 

1.5302E 13 

1.94748E-01 

-2. 795446-02 

2 

4.9S95E 10 

7.14603E-03 

2.49509E-02 

3 

9 . 3540 E 14 

l . 3 355 5E-Q2 

3, 10500E-02 

4 

6.9080E 13 

7.79390E-01 

- 1 . 25286E-Q2 

5 

4.9475E 14 

2 . 3 7 286 E-08 

5.27478E-08 

6 

6.3664E 15 

1 . 39292E-04 

-9 . 236746-05 

7 

5.7308E 11 

8.39993E-09 

4.35476E-08 

8 

4.4642E 12 

9.36481E-0* 

4.341296-08 

9 

4.5272E 15 

8. 01387E-14 

2 . 41 358E- 13 

10 

1.3339E 17 

2 . 04656C- 1 1 

9.58971E-11 

11 

2.8S71E 17 

5 . 51 7 04E- 12 

3.90644E-11 

12 

6.0000E 12 

r 28.58171 

TOTAL ENERGY EXCHANGE 

RATE 1 

. 53580E 11 


(CAL-CMHM3/GMMN2/SEC) 


BB 

0(AREA)/0(IVAR) 

D2(AREA)/D( I VAR ) 2 

0.28482E 00 

0.00000 


0.00000 

RHO 

0.29538E-04 T 

-0.12964E 04 

N20 

-0.16 0 35E-04 



HO* 

0.75598E-08 



E 

0 . 75 344E-08 



0* 

0.41899E-13 



02- 

0 . U648E-10 



0- 

0.67815E-11 




NET REACTIi;! CONV RATE 
<MOLE-Cn**»3/GM**2/SEC> 
7 . 8647 IE OS 
8.0U54E 05 
-3.25854E 03 
-8 . 96860E 05 
-2.S8482E 02 
3.349440 00 
9.761196 04 
-9.17466E 04 
-2.765236 00 
-1 .53260E-05 
8. 569946-03 
-2.48056E-03 

MASS FRACTION SUM 


NET RATE/POSI- 
TIVE DIR RATE 
0.97754 
0.92244 
0.99379 
0.99986 
0.99952 
0.00052 
0.99894 
0.86784 
0.99984 
1.00000 
0.01387 
0.23916 

1.00000000 


<l/AREA)MO(AREA)/OUVAR)-AA 
0.20684E 00 


SPEC 165 


QMEGAt I * J > Rate of production of 


ORiGs :--:.\ i . 
OF PC - C ,? 

SPECIES I BY REACTION j 


v .. 



l 2 

« 

reaction 






9 10 

J 

11 

4 

12 

5 

4 

7 

6 

N 

0.12384E-01 0. 124 1 7 C-0 l 

-0.435486-07 0.00000 

0.S1314E-04 

0.00000 

0 .ooooo 
0 . ooooo 

0.84563E05 

0 .00000 

0.00000 

0.00000 

o : 

*0 123846-01 0 . 00000 

0 . 09000 0.00000 

0 , ooooo 

-o. 13494E-P9 

~0 . 14 124E-0 1 
0.39044E-10 

0.00000 

0.00000 

0.00000 

-0. 14448E-02 

NO 

0.12 384E-0 1 0.12417E-01 

0.00000 0.00000 

"0.513 14E-04 
0.00000 

0.00000 
0 .00000 

0.00000 

-0.52748E-07 

0.00000 

0.00000 

0 

0.12 384E* Q 1 -0.12417E-01 

-0.43548E-07 *0.241346*12 

0.51314E-04 

0.00000 

0 . 2B248E-0 1 
-0.39064E-10 

0.00000 

-0.52748E-07 

0.15372E-02 

0. 14448E-02 

N2 

0.00000 *0 . 124 17E-01 

0 . 00000 0.00000 

0.00000 

0.00000 

0.00000 
0 .00000 

-0.42281E-05 

0.00000 

0 . 15372E-02 

-0.14448E-02 

N02 

0.00000 0.00000 

0.00000 0.00000 

0.00000 

0.00000 

0 .00000 
0 . ooooo 

0 .OOOOO 

0.52748E-07 

0.00000 

0 . ooooo 

N20 

0.00000 0.00000 

0.00000 0.00000 

0 .ooooo 
0.00000 

0.00900 

0.00000 

0 . OOOOO 

0 . OOOOO 

-0 . 1 5372E-02 

0 . 14446E- 02 

HO* 

0.00000 0.00000 

0.435486-07 O.OQOQO 

0.00000 

0.00000 

0 .00000 
0 .ooooo 

0.00000 

0.00000 

0.00000 

9.00000 

E 

0.00000 0.00000 
0.43548E-07 0.24134E-12 

0.00000 

-0.13494E-09 

0.00000 

0.00900 

0.00000 

0.00000 

0.00000 

0.00000 

0* 

0.00000 0.00000 
0.00000 0.241346-12 

0.00000 

0.00000 

0.00000 

0.00300 

0.90000 

0.00000 

0.00000 

9.00000 

02- 

0.00000 0.00090 

0.00000 0.00000 

0.00000 

0.13494E-09 

0 .00000 
-0. 39044E-10 

0.00000 

0 .00000 

0.00000 

0.00000 

0 - 

0.00000 0.00000 

0.00000 0.00000 

0.00000 
0 . ooooo 

0 . 09900 
Q.39064E-10 

0.00000 

0.00000 

0.00000 

0.00000 


TIME 1 . 5644 3E-05 SEC 

AREA 

1 . 0000 0 E 03 

S9 CM 

AXIAL POSITION 7.00000E 

-01 CM 


FLOW PROPERTIES 










INTEGRATION INDICATORS 




PRESSURE 

(ATM) 

1.70890 


STEPS 

FROM LAST PRINT 

6 



VELOCITY 
( CM/ SEC ) 

41949.32 


AVERAGE 5TEP SIZE 

0.25000E-01 


DENSITY 
< GM/CM* ■ 3 ) 

temperature 

(OCG X) 

MASS FLOW RATE 

1 . 37253E-0S 
4241.22 


total 

HUMBER OF STEPS 


143 

5.74040E 03 


(CM/SEC) 







ENTROPY 
CAL/GM/DEG K) 

2.4145 


FUNCT 

EVALUATIONS 


210 


MACH HUMBER 

0.3293 


JACOBIAN EVALUATIONS 


44 


GAMMA 

1.2874 






Enthalpy 

1.35996E 03 







(CAL/GM) 







CHEMICAL PROPERTIES 


SPECIES 

N 

02 

NO 

0 

N 2 

N02 

H20 

NO* 

E 

0* 

02 - 

0- 


COHCENTRATION 
(not ES/cn><*3) 
l . 45253E-09 
4 .712046-07 
3.471936-07 
3.037406-07 
J.5a65»e*06 
9.133586-12 
1 .59421E-10 
1 . 540776-12 
1 . 534626-1 2 
2.773196-18 
3.462916-15 
7 .443006-15 


MIXTURE MOLECULAR UEIOHT 


MOLE FRACTION 

2.95807E-04 
i . mm-oi 
7.070596-02 
4 . 186096-02 
7.304116-01 

I . 860066-04 
3.244426-05 

J. 13779E-07 
3. 12527E-07 
5.44741E-13 
7.052236-10 
1.515776-09 

27.95158 


NET SPECIES PRODUCTION REACTION 
RATE (MOL E/CM" ■ 3/SEC) NUMBER 
-1.339476-05 1 

-9.441236-03 2 

1.117396-02 5 

7.755956*03 4 

-5.571456*03 5 

7.72497E-07 4 

*9.047446-04 7 

1.07089E-07 a 

1.059416*07 9 

8 . 23092E* 14 10 

2.44/656-10 U 

9.03378E-10 12 


TOTAL ENERGY EXCHANGE RATE 
(CAl-CM*»3/GM»«2/SEC) 


RATE CONST 
CCS UNITS 
1.2930: 13 
2.1189E 10 
9.8273E 14 
7 . 047 1 E 13 
5.3277E 14 
6.4493E 15 
3.2347E 11 
3.J940E 12 
5.2497E 15 
1.7073E 17 
3.1119E 17 
O.OOOOE 12 

S. 7230 IE 10 


NET REACTION CONV RATE 
(MOL E*CM»«3/GM« ■2/SEC > 
3 . 0 3489E 05 
2.90219E 05 
*4 . 7 1895E 03 

-i.asaaiE os 
-2.30633E 01 
4.10173E 01 
1.31439E 04 
*1 . 24434E 04 
*5 . 63444E 00 
-4.34925E-04 
4 . Q9472E-02 
-4. 79543E-02 


NET RATE/POSI- 
TIVE DIR RATE 
0.45382 
0.24173 
0.98344 
0.99094 
0.98744 
0.00017 
0.97784 
0.59194 
0.89413 
0.99979 
0.00271 
0.02924 


MASS FRACTION SUM 1.00000381 


AA 

-0.72439E-01 


88 

0 . 91444E-01 


VARIABLE DERIVATIVES 

-0.34194E 04 
~0 .23253F-05 
-0. 14425E-02 
0. 19398E-02 
0. 13444E-02 
-0 . 94723E- 03 
0.13414E-04 


M 

02 

NO 

0 

N 2 

N02 


SrECIES 


l 

9 

~0 . 5721 0E-02 
-o. 10709E-04 


RHO 

N20 

HO* 

E 

0* 

02 - 

0- 


2 

10 


D< AREA)/D( IVAR) 

0.00000 


0. 11183E-04 
-0. 15704E-05 
0.185916-07 
0.18391E-07 
0.142896*13 
0.424916*10 
0.134836-09 


D2( AREA)/D( I VAR) 2 
0.00000 


-0. 37704E 03 


(1/AREA )*D(AREA)/D (I VAR)*AA 
0.72439E-01 


OMEGA ( I , J ) RATE OF PRODUCTION OF SPECIES I BY REACTION J 


0.55803E-02 

0.00000 


3 

11 

0 . 12457E-03 
0.00000 


REACTION 

4 

12 

0.00000 

0.00000 


0 , 84 895E-04 


0.00000 


0.00000 


0.00000 


91 



ORIGINAL 
OF POCfl QUALITY 


02 

-0.5721 OE-OZ 
0.00000 

0.00000 

0.00000 

0.00000 
“0.1 1 A31E-Q6 

-P.35017E-02 

0.90338E-04 

0.00000 

O.OOOUO 

0.00000 

“0 . 2 3854E-0 3 

NO 

0.57210E-02 
0 . 00000 

0 . 55603E-02 
0.00000 

“0.12457E-03 

0.00000 

o.ocooo 

0.00000 

0.00000 

-0.77270E-04 

0.00000 

0.00000 

0 

0.57210E-92 
-0. 107P9E-0I- 

*9 . 55803E-02 
-0.!i309E-lA 

0.12657E-03 

0.00000 

0 . 700 3AE-02 
-0 . 9Q33BE-09 

0.00000 

-0.77270E-04 

0 . 2470 IE-03 

0 . 23856E-03 

N2 

o.ocooo 

0. OOOOJ 

-0.5;B03E-02 

0.00000 

0.00000 
0 . 01 000 

0.00000 

0.03000 

-0 . A3AA7 £“04 

0. OOOQO 

0 . 2A76 1 E-0 3 

“0 . 2 3B56E-0 3 

N02 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.77270C-04 

0.00000 

0.00000 

N20 

o.coooc 

0.00000 

o.:«ooo 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

“0.2A741E-03 

0 . 2 3854 E-0 3 

NO ♦ 

0.00000 
0. 10709E-06 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

E 

0.00000 
0 . 1 0 7 09E-Q6 

0.00000 
0 . B2309E-1 3 

0.00000 

“0.11AB1E-0B 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

Q* 

0.00000 

0.00000 

0.00000 
0 . B2309E- 1 3 

0.00000 
0 . 00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

02- 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

O.llABlE-OB 

0.00000 
“0 . 9033SE-09 

0.00000 

0.00000 

0.00000 

0.00000 

0- 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.9033BE-09 

0.00000 

0.00000 

0.00000 

0.00000 


(GCKP) END OF THIS CASE - READ DATA FOR NEXT CASE 


TIME-AREA VERSION GENERAL CHEMICAL KINETICS PROGRAM NASA LEWIS RESEARCH CENTER 

GCKPBA HIGH PRESSURE HZ - CO REACTION CASE II 


REACTION REACTION 

NUMBER 


1 

1 .0-CHS 

♦ 

l .O-OH 

s 

1 . 0-CH20 

♦ 1 

2 



1 .0-CHA 

2 

1.0-CHi 

♦ I 

3 

1. Q-H 

♦ 

l.Q-CMA 

2 

1 . 0-CH3 

♦ l 

A 

1 . 0«0 

f 

1 .0-CHA 

2 

1 . 0-CH3 

♦ v 

5 

1 . Q-OH 

* 

1 . Q-CHA 

2 

1 .0-CH3 

♦ 1 

6 

1 .P-CH20 

♦ 

1 .0-H 

2 

1 . O-HCO 

* I 

7 

1.0-CH2O 

♦ 

1.0-0 

2 

1 .O-HCO 

* 1 

a 

1 .Q-CM20 

♦ 

1 .Q-OH 

2 

1 .O-HCO 

♦ I 

9 

M 

♦ 

l .0-CH20 

2 

1 .0-H 

♦ 1 

10 

1 .0*0 


1 .O-HCO 

2 

l .0-H 

♦ 1 

11 

1. O-HCO 

♦ 

1 .0-0 

2 

1 .O-CO 

♦ 1 

12 

1 .O-HCO 

♦ 

l . Q-M 

2 

1 .C *CO 

♦ 1 

13 

1 . O-MCO 

* 

1 .O-OH 

2 

1 .O-CO 

♦ 1 

IA 

M 

♦ 

1 .Q-MCO 

2 

1 .0-H 

* I 

15 

1 .o«co 

¥ 

l . O-OH 

2 

1 .0-C02 

♦ 1 

16 

l.OMCO 

* 

1 .0-0 

2 

l .0-C02 

♦ 

17 

1.0-0 

♦ 

1 . 0-H2 

2 

1 .O-OH 

♦ 1 

ia 

1 .0MH2 

♦ 

1 .O-OH 

2 

1 . 0-H20 

♦ 1 

19 

1 .O-OH 

♦ 

1 . O-OH 

2 

1.0-0 

» I 

20 

1.0 -H 

♦ 

1 .0-H 

2 

1 .0-H2 

♦ 

21 

l .0-H 

♦ 

1 .O-OH 

• 

1.0-H2O 

♦ 


REACTION RATE VARIABLES 



A 


N 

ACTIVATION 





ENERGY 

P-H2 

7 . A 0 000 E 

12 

0.0000 

0.00 

0-H 

2.00000E 

15 

0.0000 

lOAOOO.OO 

0 -H2 

1 .26000E 

IA 

0.0000 

11900 .00 

O-OH 

2. 00Q00E 

13 

0.0000 

9200.00 

O-HZO 

3. 00000E 

13 

0.0000 

6000.00 

0 -M2 

2. OOOOOE 

13 

0 .0000 

3300.00 

O-OH 

2.00000E 

13 

0.0000 

0.00 

0-H20 

2.30000E 

13 

0.0000 

0 . 00 

O-HCO 

5. OOOOOE 

16 

0.0000 

72000.00 

0-C02 

5.30000E 

13 

0.0000 

0.00 

O-OH 

1 .26000E 

IA 

0.0000 

0.00 

0 *M2 

1 .OOuOQE 

IA 

0.0000 

0.00 

0-H20 

1 .OOOOOE 

IA 

0.0000 

0 .00 

O-CO 

5. OOOOOE 

IA 

0.0000 

19000.0V 

0-H 

A .OOOOOE 

12 

0.0000 

600.00 

M 

2 . BOOOOE 

13 

0.0000 

-A5A0 .00 

0-H 

i .booooe 

10 

1.0000 

6900.00 

0-H 

5.20000E 

13 

0.0000 

6500.00 

0-H20 

6 . 3Q00QE 

12 

0.0000 

1093.00 

n 

3.30000E 

17 

-1.0000 

0.00 

n 

a.AOOOOE 

21 

-2.0000 

O.CO 


ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING 


"<H? . IA) = 5.00000 M<H2 . 20) = 1.70000 M(M2 , 21) = A. 00000 M(CO . 1A) = 2 0*000 

mco . ?0) = 2.00000 M(H20 , 20) s 5.60000 H(C02 , 20) s 3.50000 


INTEGRATION CONTROLS 


INITIAL STEP SIZE 0.10000E-1A SEC 


MAXIMUM RELATIVE ERROR 0.50Q00E-0S 


mm ASSIGNED VARIABLE PROFILE »■ 

THIS IS A V=0 PROBLEM - AN ASSIGNED VARIABLE IS NOT REQUIRED 

THE VOLUME (DENSITY) WILL BE HELD CONSTANT FOR THIS CASE 

THE TEMPERATURE WILL BE HELD CONSTANT FOR THIS CASE 
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• • INITIAL CONDITIONS »• 


')'c : 


TIP1E 0.00000 SEC 


AREA 1 -00000E 00 SQ cm 


AXIAL POSITION 0.00000 Cfl 


FLOW PROPERTIES 


INTEGRATION INDICATORS 


PRESSURE 

(AIM) 

VELOCITY 
(Ctl'SEC) 
DENSITY 
(C:i/CPi»*3) 
TEMPERATURE 
(DEG A) 

HASS FLOW RATE 
(CM/ SEC) 
ENTROPY 
CAl/CM/DEC X) 
HACH NUMBER 


100.00003 

0.00 

2.7735*E*03 

1000.00 

0.00000 

13.5*36 

0.0000 


ST C/S FROH LAST PRINT 0 

average ST*r SUE 0.00000 

TOTAL NL'MOER OF STEPS 0 

FUNCT EVALUATIONS 0 

JAC08IA* EVALUATIONS 0 


GAMMA 1.3703 

ENTHALPY 2 . 05601 E 03 

(CAL/GM1 


CHEMICAL PROPERTIES 


SPECIES 

CH3 

OH 

CM20 

M2 

CM* 

H 

0 

H20 

HCU 

C02 

CO 


CONCENTRATION 
(MQLES/CM*»3> 
0 . 00000 
1 . 21668E* 12 
l . 2 1S6CE* 1 1 
1 .206A9E-03 
0 .00000 
0.00000 
1 .21668E-10 
0.00000 
0. 00000 
0.00000 
1.21868E-05 


HOLE FRACTION 

0.00000 

9.99999E-10 

9 . 999996-09 

9.89999E-01 
0 . 00000 
0 .00000 
9 . 99999 E -06 
0.00000 
0 .00000 
0.00000 
1 .99999E-03 


NET SPECIES PRODUCTION REACTION 
RATE ( MOLE /CM* ■ 3/ SEC ) NUMBER 


7.52**SE-16 1 

2.7Q900E-02 ? 

-3 . 0 0*5 3F-Q6 3 

- 3 . 2 9 357 £-02 * 

0.00000 5 

3.2975*E-02 6 

-3.05305E-02 7 

2 . 9029BC-0 3 8 

3.00*SSE-0B v 

5.37505E-0* 10 

-5.37505E-0* 11 


12 

13 

1* 

15 

16 

17 

18 
19 
?0 
21 


NET REACTION CONV RATE 
(MOLE-CP.* " 3/GM**2/SEC ) 


RATE CONST 
CCS UNITS 
7 . *000t 12 
3.73126*08 
3.159SE il 
1./51SE li 
l.**«.9E IT 
3.8003E i 2 

2 . 00 00 E 13 
2.3000E 13 

9 . 1 9 1 *E 00 
S.3000E 13 
1.2600E 1* 
1 . 0000 E 1* 
l.OOOOE 1* 
3.5199E 10 
2 .6 7**6 12 
2.75036 1* 
2.0421E 11 
1 . 97**E 12 
3 . 63* 7E 12 
8.3000E 1* 
8 . *OOOE IS 


-9.781556*11 
0 . 00000 
0. 00000 
0 .00000 
0.00000 
0.00000 
3.86137E-03 
*.**058E-0S 
1 . 77*58E-08 
0 .00000 
-3.92327E-17 
*2.670686*08 
0 . 00000 
0 .00000 
5.16335E 00 
6 . *7 1 06E 01 
3 . 90* l SE 03 
3.77378E 02 
7.017*26-07 
-1 .67382E-08 
0.00000 


NET RATE/POSI- 
TIVE OIR RATE 
1 . 0 0 0 0 0 
0.00000 
0 .00000 
0.00000 
0 .00000 
0.00000 
1.00000 
1.00000 
1 . 00000 
0.00000 
1 . 00000 
1.00000 
0.00000 
0.00000 
1 . 00000 
1.00000 
1 .00000 
1 .00000 
1 .00000 
1.00000 
0.00000 


MIXTURE MOLECULAR WEIGHT 


2.27585 TOTAL ENERGY EXCHANGE RATE -6.73595E 06 
< CAL-CM* " 3/GM* * 2/SEC ) 


MASS FRACTION SUM 0.99999988 


PREDICTOR TROUBLE FOR Y 2. VALUE = -0.19087258312516700*13* T* 


0. *216519575685210*07 , H= 0.2712*03213*760190-08 


TIME l.OOOOOE 06 SEC 

FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
( CM/SEC > 
dens; TY 
( GM/CM* * 3 > 
TEMPERATURE 
( OEG X) 

MASS FLOW RATE 
(GM/SEC) 

ENTROPY 
CAL/GM/OEG X) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


AREA l.OOOOOE 00 SQ CM 


99.98323 

0.00 

2.7735*6-03 
1000.00 
0.00000 
13.5*3* 
0.0000 
1.3792 
2 . 05*93E 03 


AXIAL POSITION 

INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SUE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 CM 


D.16500E 06 
397 


661 

98 


CHEMICAL PROPERTIES 


SPECIES 

CH3 

OH 

CH20 

M2 

CM* 

M 

0 

M20 

MCO 

CQ2 

CO 


CONCENTRATION 
(MOLES/CM»*3> 
* . 7S15*E“16 
5.2*7636-20 
1 .63*976-09 
1 .20619E-03 
1 .0 1 365E-07 
2. 7*103E-13 
1.37S2*E-29 
1 .000*36-07 
7 .*69706-15 
!.*<** 176*09 
l .2082*6-05 


MOLE FRACTION 

3 . 89956E-1 3 
*. 30688E-17 
1.3*1816-06 
9.89916E-01 
8.31696E-05 
2 . 2*956E-10 
1.121A7E-26 
8 . 2 1 05* f -05 
6 . 130 36E-12 
1 . 18522E-06 
9.91 597E-03 


NET SPECIES PRODUCTION 
RATE (MOLE/ CM* * 3/SEC ) 
1.36562E-1* 
3.77788E-16 
8 . 99*20 E“ 18 
-2. 872976*13 
6 . 70655E- 1* 
-3.65253E-1* 
1.13502E-26 
9.93012E-1* 

2 . 229 1 1 E- 1 * 
1.2*2626-15 
-1 .2**6*E-13 


REACTION RATE CONST 

NUMBER CG5 UNITS 

1 7 . * 000 E 12 

2 3.7312E-06 

3 3.1596E 11 

* 1.9515E 11 

5 1 . *6* 9E 12 

8 3.6003E 12 

7 2.0000E 13 

6 2.3000E 13 

9 9 . 1 91AE 00 

10 5.3000b 13 

11 1.2600E 1* 

12 1 . 00 JOE 1* 

13 l.OOOOE 1* 

1* 3.5199E 10 

15 2 . 67**E 12 


NET REACTION CONV RATE 

NET RATE/POSI- 

< MOL E-CM»* 3/GM* *2/SEC> 

TIVE OIR RATE 

-1.31195E-08 

1.00000 

-2 . 663AQE- 1 2 

0.00539 

-1.1316*6-08 

0.00001 

-3.96370E-2* 

0 .00011 

7 . 9*817 E- 13 

0.00078 

-2. 378*0E-10 

0.00000 

-6.03*786-2* 

0 .00010 

2.035**6-13 

0.00079 

- 1 . 286306*08 

0.00536 

*.2563lE-27 

0.00601 

8.89137E-27 

0.00528 

1 . * 32* 9E- 1 0 

0.00538 

3.1*5256-17 

0.00617 

-1 .616176-08 

0.00000 

1. 61537 E- 10 

0.00073 


93 




ORiCtt * At- '?■ 
OF PCC.: '•* 




14 

2.7S03E 1 A 

A. 3S31AE-20 

0.00401 



17 

2.0A26E 11 

-A.A9958E-20 

0 . 00010 



18 

1.97AAE 12 

l .290/8E-08 

0 .00079 



19 

3.43A7E 12 

1 . 146S5E-2A 

0.00090 



20 

8.3000E 1A 

9.05653E-U 

0.00538 



21 

S.AOOOE IS 

A.489SAE-14 

0 .00417 


MIXTURE MOLECULAR UEIGNT 2.27423 

TOTAL ENERGY EXCHANGE RATE 

-4.90521E-0A 

MASS FRACTION SUM 

0.99999974 



<cal-cm**3/g:i--2/secj 




♦ 

TIME 1 0000 0 C 09 SEC 

AREA 1.00000E 00 SO 

cn 

AXIAL POSITION 

0.00000 CM 


FLOW PROPERTIES 


INTEGRATION 

INDICATORS 



FPESSURE 

98 . w 0 089 

STEPS FROM LAST PRINT 

A4 


(ATM) 






VELOCITY 

0.00 

AVERAGE STEP SIZE 

0. 19545E 08 


f Cn/SEC) 

dlns I r T 
iG:vcn--3) 

r£::PERATCRt 
(0£G K) 

MASS F10U RATE 
(GM/SEC) 

ENTROPY 
CAl/Gr/DEG K ) 

;iACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


2.7735AE 03 
1000.00 
0.00000 
13. *2*5 
0.0000 
1.3707 
1.3199SE 03 


TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JAC0MAN EVALUATIONS 


A 58 


7 38 

112 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTIOH 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


(MOLES. CM--3) 


RATE (MOLE/CM*M/SEC> 

NUf.BER 

CG5 UNITS 

( MOL E-CM- • 3/GM- -2/SEC) 

TIVE 01R RATE 

CM3 

5.7S25GE-1A 

A .8A148E-11 

-2.5214AE-13 

1 

7 . A000E 

12 

-A.9A387E-12 

0.93218 

OH 

6 .A4S7AE-18 

5. A137SE-15 

- 3 . 6880 96- IS 

2 

3.7312E- 

03 

-A.53A34E-12 

0 .00008 

CM?0 

6 .81A06E-13 

5. 705AQE-10 

- 3 . 7 7 0 30E-16 

3 

3. 1S96E 

11 

-3.278 i 0E-O8 

0.00000 

H2 

1 . 16995E-03 

9. 795946-01 

-2 . 5553AE- 1 3 

A 

1 . 951SE 

1 1 

5.8191AE-22 

0.00000 

CMA 

1 21M5E-05 

1 .01 996E-02 

2. 52202E-13 

5 

1 . A6A9E 

12 

9. C2382E-1A 

0 .00000 

H 

2. 692376-13 

2.25A32E-10 

-1.001996-13 

6 

3.8003E 

12 

A . 366916-11 

0. O0QA8 

0 

1 . 7 1 7 30E-27 

1 .A 3789E-2A 

-S.SA770E-2S 

7 

2. 0000E 

13 

1 . A699LE-2A 

0. 000A8 

H20 

l .218146-05 

1.019966-02 

3. 7250AE-15 

8 

2. 30C0E 

13 

6 . 35Q30E-15 

0 . OOOA8 

MCO 

3 1 51 08£- 18 

2. 6 38 ACE-15 

3. 560A36-13 

9 

9 . 1 9 1 A 6 

00 

3 . 933A5C- 1 3 

0 .OOOAO 

C02 

7 . 789726-11 

6 . 522 52E-08 

1 .07361E-18 

10 

5 . 3000E 

13 

-l .697A2E-29 

0 . 0Q3A6 

CO 

5. 19188E-09 

A. 3A716E-06 

-3.SS70SE-1 3 

11 

1 . 26 0 9 E 

1A 

-A . 1AIA2E-29 

0 . OOOA7 





12 

1 . 00006 

1A 

-5. 167876-15 

0 . OOCA7 





1 3 

1 . 00 0 0 E 

1A 

-1 .2AQA1E-19 

0 . 000A7 





1A 

3 . si m 

10 

-A . 62A03E-08 

0.00055 





15 

2 . 67AAE 

12 

1 . 39565E- 1 3 

0.00001 





16 

2. 7503E 

1A 

3 . A SQ60E-23 

0 .00009 





17 

2 . 0A26E 

11 

7 . 1A788E-20 

0 .00000 





18 

1 . 97ASE 

12 

A .8A1A7E-10 

o.coooo 





19 

3.63A7E 

12 

-2. 15A03E-23 

0 .00000 





20 

8. 3 00 PE 

1A 

1 . 28 1 1 7 E- l 2 

0 .00008 





21 

e.AOOOE 

15 

6 938056-16 

0 .00068 


MIXTURE 

MOLECULAR WEIGHT 

2.32223 

TOTAL ENERGY EXCHANGE PATE 
(CAL -CM* *3/ CM* *2/ SEC) 

-7.351 OAL- OA 

MASS FRACTION SUM 

0 .999992A3 

(GCKP) 

ENO OF THIS CASE 

- READ DATA 

FOR NEXT CASE 





TIME-AREA VERSION 


GENERAL CHEMICAL KINETICS PROGRAM 


NASA LEUIS RESEARCH CENTER 


CCKP3A HYDROGEN - OXYGEN LOU TEMP PMOTOIYTIC IGNITION CASE 12 


0 i 


REACTION 




REACTION 


REACTION 

RATE VARIABLES 


NUMBER 






A 


N 

ACTIVATION 










ENERGY 

1 

1 .0-H 

♦ 

1 .0-02 

= l.O-OM 

♦ 1.0-0 

2.200006 

IA 

0.0000 

14790.00 

2 

1 .0*0 

♦ 

1 . 3>-M2 

= l.O-OH 

♦ 1 . 0-H 

1 .80000E 

10 

1.0000 

8900.00 

3 

1 0-H2 

♦ 

1 . C-OH 

= 1.0-H20 

♦ i.O-H 

S . 20 000 E 

13 

0.0000 

6500.00 

A 

1 . 0 -OH 

* 

1 .0-QM 

= 1.0-0 

♦ 1.0-H2O 

6.300006 

12 

0.0000 

1093.00 

S 

l . Q-H 

♦ 

1 .0*02 

= 1.0-H02 

♦ M 

1 .SOOOOE 

IS 

0.0000 

-1000.00 

( 

1 .0*0 

♦ 

l . Q-U 

= 1.0*02 

♦ M 

5 . 70000E 

13 

0.0000 

-1788.00 

1 

1 . 0 -M 

► 

l .0-H 

= 1 . 0 *M2 

♦ n 

8 . 3000CE 

17 

-1.0300 

0.00 

8 

1 .0-N 

♦ 

1 .0-0M 

= 1.0-H20 

♦ M 

8 . A0000E 

21 

-2.0000 

3.00 

9 

1 .0-M2 

♦ 

1 . 0-N02 

= 1.0-H20 

♦ l.O-OH 

7.20000E 

11 

0.0000 

18700.00 

10 

n 

♦ 

1 . 0-M202 

= 2.Q-0H 


1 .30000E 

17 

0.0000 

A550Q.00 

1 1 

1 . 0-H2 

♦ 

1 .0-02 

: 2.0 -OH 


1 . OOOOOE 

13 

0.0000 

A 3000 . 00 

12 

1 . 0-H 

♦ 

1 . 0-H02 

= l.O-OH 

♦ l.O-OH 

2 . 5 000 0 E 

1A 

0.0000 

1900.00 

1 3 

1.0*0 

♦ 

1 . 0 *HQ2 

= l.O-OH 

♦ 1.0-02 

S. OOOOOE 

13 

0.0000 

looo .or 

1A 

1 . 0*OM 

♦ 

l . 0-H02 

= 1.P-H2Q 

♦ 1.0*02 

5. OOOOOE 

13 

0.0000 

1000.00 

15 



2 . 0-HO2 

= 1.0-H2O2 

♦ 1.0-02 

l . SOOOOE 

12 

0.0000 

0 . 00 

16 

1 . O-OH 

♦ 

l . 0-H202 

- 1.0-H20 

♦ 1.0-HO2 

1 .OOOOOE 

13 

0.0000 

1800.00 

17 

1.0-0 

♦ 

l . 0-H202 

= l.O-OH 

♦ 1.0-H02 

8 .0000 05 

13 

0 . 0000 

1000 . 00 

18 

1 . 0-M 

♦ 

1 . 0«H2O2 

= 1.0-H20 

♦ l.O-OH 

3.20000E 

1A 

0.0000 

9000.00 

19 

MNU 

♦ 

1 . 0*112 

> 2. 0-H 


3. OOOOOE 

-03 

0.0000 

0.00 

20 

HNU 

♦ 

1.0-02 

> 2.0-0 


5 .OOOOOE 

-03 

0.0000 

0.03 





ALL 

THIRD BODY RATIOS ARE 1.0 EXCEPT 

THE FOLLOWING 




H(M2 

m o;' 

M« M20 
M(H202 

. 5) = 

. 5 ) - 

. S) = 
. 10) = 

5 . 0 OP 00 
2.00000 
32 .50000 
6 . 60000 

M ( H2 
M(02 
M(H20 

, 7) = 5.00000 M(H2 

, 7 ) = 2.00000 M( 02 

. 7) = 15.00000 M( H20 

. 8) s A. 00000 

8) s 1.60000 
8) - 20.00000 

M( M2 
M( 02 
M( M20 

. 10) = 

, 10) - 

. 10) = 

2.30000 

0.78000 

6.00000 


'>4 


initial step size q.sooooe-o* sec 


orig:n.v- r;.~ . ^ 

OF POOR QUALITY 


INTEGRATION CONTROLS 


MAXIMUM RELATIVE ERROR Q.50Q00E-06 


»» ASSIGNED VARIABLE PROFILE ■» 

THIS IS A V = 0 PROBLEPI - AN ASSIGNED VARIABLE IS NOT REQUIRED 

THE VOLUME (DENSITY) MILL BE HELD CONSTANT FOR THIS CASE 


TIME 


0.00000 SEC 


*•* INITIAL CONDITIONS ■■ 
AREA 1.00000E 00 SQ CM 


AXIAL POSITION 


0.00000 CM 


FLQtl PROPERTIES 

PRESSURE 

(AIM) 

VELOCITY 
CCn/SEC) 
DENSITY 
(G:t/CN*«3) 
TEMPERATURE 
(OEG K) 

MASS FLOW RATE 
(CM/SEC) 
ENTROPY 
CAL/GM/CEG R) 
MACH NUMBER 

GAMMA 

ENTHALPY 

(CAL/GM) 


2.00000 

0.00 

4 . 1 78 I 9E-04 
700.00 
0.00000 
3.5008 
0.0000 
1.3728 
2.38917E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0.00000 

0 


CHEMICAL PROPERTIES 


SPECIES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

NET REACTION CONV RATE 

NET RATE/POSI- 


(M01E5/Cr««3) 


RATE (MOLE/ CM ■■3/SEC) 

NUMBER 

CCS UNITS 

(MOLE-CM»*3/CM««2/5£C» 

TIVE DIR RATE 

H 

0 . 00000 

0.00000 

1 . 39347E-Q7 

1 

1 .2599E 09 

0 . 00000 

0.00000 

02 

1 . 15149E-05 

3. 33000E-01 

-5.80755E-08 

2 

2.0973E 10 

0.00000 

0.00000 

OH 

0.00000 

0 .00000 

2 . 023236- 10 

3 

4.8597E 11 

0.00000 

0.00000 

0 

0.00000 

0 .00000 

1 . 159*96-07 

4 

2 . 8 7 1 4 E 12 

0.00000 

0.00000 

H2 

2.32244E-03 

6 . 6 7 OOOE-O 1 

-4 . 0 7 748 E“ 08 

5 

3.0783E 15 

0.00000 

0.00000 

H20 

0 .00000 

0.00000 

0.00000 

6 

2.0412E 14 

-1 .05084E-24 

1.00000 

HQ2 

0.00000 

0. OCGOQ 

0.00000 

7 

1 . 1857 £ 15 

-2.41134E-11 

1.00000 

H202 

0.00000 

0 .00000 

0.00000 

B 

1.7143E U 

0.00000 

0.00000 





0 

1.0444E 06 

0.00000 

0.00900 





10 

8.0948E 02 

0.00000 

0.00000 





11 

3.7567E-01 

5.70481E-04 

1.00000 





12 

6 . 3787 E 13 

0.00000 

0.00000 





13 

2.4364E 13 

U. 00000 

0.00000 





14 

2.4364E 13 

0.00000 

0.00000 





15 

1.8C00E 12 

0.00000 

0.00000 





14 

2.7417E 12 

0.00900 

0.00000 





17 

3.8983E 13 

0 . ocooo 

0.00000 





18 

4.9570E 11 

o.ocooo 

0.00000 





1 ) 

3. 0 09 06-0 3 

3.00100E 01 

1.00000 





20 

5.0000E-03 

3 . 32092E-0 i 

l. 00000 


MIXTURE MOLECULAR WEIGHT 


11.10001 TOTAL ENERGY EXCHANGE RATE 8.11349E 0* 

( CAL - CM* »3/Gf'.* ^2/SEC ) 

NEGATIVE CONCENTRAT IONS -HALVE STEP SIZE -SAVEK B) = -0.716729100-12 


MASS FRACTIOH SUM 


TIME 1 . 145986 00 SEC 


AREA 1.000Q0E 00 SQ CM 


AXIAL' POSITION 


0.00000 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
(CM/SEC) 
DENSITY 
(GM/CI1"*3) 
TEMPFRATURE 
(OEG K) 

MASS FLOW RATE 
< GM/SEC ) 
ENTROPY 
CAL/GM/DEG K) 
MACH HUMBER 

GATTMA 

ENTHALPY 

(CAL/GM) 


2.6(052 

0.00 

4 . 1 781 9E-04 
0(3.84 
0.00000 
3.7174 
0.0000 
1 . 3338 
2.77280E 02 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 
AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


00 

0 .23088E-02 
180 


206 

33 


CHEMICAL PROPERTIES 


SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST 
<MOlE5/CM**3> RATE (MOL c/CM«* 3/SEC) HUMBER CCS UNITS 

H l . 32974E- i l 3.87085E-07 8.46740E-00 1 2.848SE 10 

02 1 . 1 12626-05 3.23880E-01 -3.71813E-05 2 1.4768E II 

OH 1.02002E-12 i.6l534E-08 1.0788BE-00 3 1.6252E 12 

0 5.S2403E-I3 1.60830E-08 4.71222E-10 4 3.5174E 12 

M2 i . 2 3866E-05 4.51674E-01 -7.52405E-03 3 2.3545E 13 

H20 7 . 4 1030E-0 7 2.15083E-02 7.72944E-05 * 1.4787E 14 


NET REACTION CON V RATE 
( MOL E-CM* « 3/GM" *2/ SEC ) 
2. 4140BE 01 
1.04634E 01 
4 . 0 1887 E 02 
-0 . RIO 15E-03 
3 . 43171 E 02 
B.68241E-09 


HET RATE/POSI- 
TIVE DIR RATE 
l. 00000 

1. 00000 
0.00047 
0.00241 
0.00006 

1.00000 
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okis:::: 
of fcc;* 


i anejE'Ut 

s. 3fl444t-ga 


1.13273C-Q4 

2./3179L-03 


l . 143A8E-04 
-2. 410346-04 


7 

8 . 7939E 

1A 

1 . 2SS22E-0A 

1.00000 

a 

9.A79AE 

IS 

1 .4SA2SE-0A 

1 .00000 

0 

1.34716 

07 

1.4B020E 01 

1.00000 

10 

37842E 

04 

1.327S0E 02 

1.00000 

11 

1.10ASE 

03 

1.S7SB3E 00 

1.00000 

12 

9 . 0 7 7 9t 

13 

2.49048E 01 

l .00000 

13 

2.S337E 

13 

3 . 4 1 28 7 E-0 1 

1.00000 

1A 

2.S337E 

13 

1.24142E 00 

1 .00090 

IS 

l .boooe 

12 

1 .SASSSE 02 

0.SS023 

14 

3.830OE 

12 

3.S705AE 00 

0.SSS72 

17 

A.AS3SE 

13 

1.3SA0SE 01 

1.00000 

IB 

2.4373E 

12 

1.8BS1SE 01 

1.00000 

IS 

3 0000 6 

-03 

3 . 847 1 3E-Q 1 

1.00000 

20 

S.OOCOE 

-03 

3. 1844BE-01 

l. 00000 


MIXTURE MOLECUL Alt HEIGHT 


TOTAL ENERGY EXCHANGE RATE 
< CAI. CM«»3/Gn»»2/SEC > 


-2.50940E 07 


MASS FRACTION SUM 


RFlAG • FROM INTEGRATOR AT T = 0.114747A5E 01 

ERRGii TEST FAILED WITH DABS(H) ‘ HMIH 

h ^AS BEEN REDUCED TO 0 . 508009006-6*. AND STEF HILL BE RETRIED 


l . 147 ABE 00 SEC 


) . OOQOOE 00 SO cn 


AXIAL POSITION 


-0.03000 cn 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

VELOCITY 
tCM/SEC) 
DENSITY 
(GM/CM«»3> 
TEMPERATURE 
(CEG A) 

TASS FLCU RATE 
( GtVSEC ) 
ENTROPY » 
CAL/CM/DEG R> 
MACN NUM3ER 


A.17BME-0A 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 


AVERAGE STEP SIZE 
TOTAL NUMBER OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


o.utise-o* 


ENTHALPY 

(CAL/GM) 


3.05492E 02 


CHEMICAL PROPERTIES 


»PEC IES 

CONCENTRATION 

MOLE FRACTION 

NET SPECIES PRODUCTION 

REACTION 

RATE CONST 

KET REACTION CONV RATE NET RATE/POSI- 


IHOL E5/CM»» 3 ) 


RATE (MOLE/CM«- J/SEC) 

NUMBER 

CGS UNITS 

:nOLE-CM4«3/Gri'i»2/SEC) 

TIVE DIR RATE 

H 

1 . 0CSA3E-CS 

2.95314E-04 

1 .013545-02 

1 

1.2248E 11 

7.41S12E OA 

0.SS944 

02 

1 . 07S7BE-0S 

3 . 1 7 1 S2E-0 1 

-S. 10404E-02 

2 

3.824SE 11 

A.SU3SE OA 

o.sssia 

OH 

:.S2417E-0S 

A. 77434E-05 

1 . 741446-05 

1 

2.84C2F 12 

S. 78175E 05 

0.99783 

0 

S.A71 37E-10 

2.7A1S2E-05 

1.019436-03 

% 

3.A424E 12 

-T.5A418E 01 

0 . 41 94 A 

H2 

2. 174/SE-03 

4. 3876&E-01 

-1 . 039346-01 

S 

2.3434E 15 

2..570SE OS 

0.99994 

M2Q 

1 . 384926-04 

A . 04777E-02 

1 .073506-01 

4 

1.2458E 14 

2 . 214522-02 

1 .00000 

H02 

3.40481E-C8 

1 . 0004AC-Q3 

4 .71507E-03 

7 

7.3jS5fc 14 

4.AAA40E 01 

1.00000 

M202 

4 . 92 1 78E-0B 

2. 03304E-03 

-4. 71012E* 03 

a 

4.4042E IS 

8 . 14S40E 01 

1.00000 





s 

1.7122E 08 

7 . '444 SE 02 

1.00000 





10 

1 . 130 36 oa 

S.27174E 03 

0 . 99829 





11 

4.447SE 04 

4 .2520 56 01 

l. 00000 





12 

i.D T 09£ 1A 

2.JQ123E OS 

1.00000 





13 

3.20036 13 

S.S1S1SE 03 

1.00000 





14 

3 .200 36 13 

1.01S40E OA 

1.00000 





IS 

1. BOOOE 12 

1.1SA7AE OA 

0.99835 





14 

A.A7S1E 12 

2.887SSE 03 

0 . 99985 





17 

S.12SAE 13 

1 . S2280E OA 

0.9999A 





u 

3.7488E 12 

2.2SS7SE OA 

l .00000 





19 

1.0000E-03 

3.73727E-01 

1.00000 





20 

5.0CQOE-C3 

3 . 0924AE-0 1 

1.00000 

MIXTURE 

MOLECULAR WEIGHT 

12.27213 

TOTAL ENERGY EXCHANGE 

WE -3. 

. 03082E 10 

MASS FRACTION SUM 0.' 

I9999S49 




(CAL-CM\r:/*y<e»? *! 

*X ) 





KFLAG s -1 FROM INTEGRATOR AT T : 0.1147A790E 01 

ERROR T EST FAILED UITH OABS(H) = HMIN 

H HAS BEEN REDUCED TO 0 . SOOOOOOOE-OB AND STEP UUl 


TIME 1 . 1 A 7 ABE 00 SEC 


OOQOOE 00 SO CM 


AXIAL POSITION 


0.00000 CM 


FLOW PROPERTIES 

PRESSURE 

(ATM) 

Vfci.'CITT 
( CM/SEC > 
OENSITY 

<g:i/cm«*j> 
TEMPERATURE 
(DEG K ) 

M7S5 FLOW RATE 
(CM/ SEC) 
ENTROPY 
CAL/GM/OEO X) 
MACH NUMBER 


ENTHALPY 

(CAL/GM) 


4.17819E-04 


INTEGRATION INDICATORS 
STEPS FROM LAST PRINT 


AVERAGE STEP SIZE 
TOTAL NUMBt'R OF STEPS 


FUNCT EVALUATIONS 
JACOBIAN EVALUATIONS 


0 . 21193E-07 


4.34143E <2 




CHEMICAL PROPERTIES 





> 


01 

H 


OWlT 
OF p. 


sreetts 

M 

02 

OH 

0 

M? 

M20 

H02 

H202 


CONCENTRATION 
<rOl£S/CfH«3> 
2. 920056-06 
6.593636-06 
8 . 72 3/46*07 
8.283536-07 
1 . 30697:1-05 
8.244936-06 
2.iHSl£-0J 
1.00734E-09 


nOlE FRACTION 

8.969006-02 
2. 02539t-0l 
2.479496-02 
2.544286-02 
4.014346-01 
253243E-01 
7.74948E-0A 
3 . 094Q5E-05 


MIXTURE MOlECULAR WEIGHT 12.83329 


NET SPECIES PRODUCTION 
RATE (MOL E/CH««3/S£C) 
A . 528296 01 
-4.446546 01 
2.14097E Cl 
1 . 429S4E 01 
“ 1 . 252086 02 
9.19'A 11 

~1.48427fc-0l 
1.724246-02 


REACTION 

NUMBER 


2; 


RATE CONST 
CCS UNITS 
3 . 28066 12 
3.B91SE 12 
1 Q208E 13 
4.79126 12 
1.9270E IS 
8.92076 13 
4.1313F 1 A 
208116 IS 
4.4S44E 09 
1.4401E 12 
2.1009c 05 
1.SS33E 1A 
3 . 892 1 E 13 
3 . 592 1 E 13 
1 . 8000 F 12 
37086 12 
6.22746 13 
3.3S53E 13 
3.0000E-03 
5 . 00006*03 


TOTAL ENERGY EXCHANGE RATE 
(CAL-CM*«3/Gn»» 2/SEC) 


”1 . 0221 IE 13 


COCr.P) END OP THIS CASE - READ DATA FOR NEXT CASE 


NET REACTION CONV PATE 
< MOL E-CM««3/CPM* 2/SEC) 
3 . 0 362 1 E 08 
2 . 008376 08 
S.20A26E 08 
■4 . A j2A9E C6 
7.A33A1E 07 
1.1A1A8C OA 
A. 17A08E 06 
7.0S468E 06 
1.26S0SE OA 
* 9 . 66462E OS 
1 . 010316 OS 
6.S96S3E 07 
A.6SAS9E 06 
A.93189E OS 
6 . 332766 03 
2.9A5S8E OA 
2.79113E OS 
5.638376 OS 
2. 246006-01 
1.689076-01 


NET RAT 
UVE 0 


'21 


MASS FRACTION SUM 0. 




> 



1 
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